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FOREWORD 


The  Fort  Hood  Field  Unit  of  the  Army  Research  Institute  for  the 
Behavioral  and  Social  Sciences  (ARI) ,  by  assessing  the  human  performance 
aspects  of  man/weapons  systems  evaluations  in  field  situations,  provides 
support  to  Headquarters,  TCATA  (TRADOC  Combined  Arms  Test  Activity, 
formerly  called  MASSTER — Modern  Army  Selected  Systems  Test  Evaluation  & 
Review).  A  war  using  modern  weapons  systems  is  likely  to  be  both  intense 
and  short;  U. S.  man/weapons  systems  must  be  effective  enough.  Immediately, 
to  offset  greater  numbers  of  an  enemy.  Cost-effective  procurement  of 
Improved  and/or  new  combat  systems  requires  testing  that  Includes  evalua¬ 
tion  in  operational  settings  similar  to  those  in  which  the  systems 
would  be  used ,  with  troops  representative  of  those  who  would  be  using  the 
systems  in  combat.  The  doctrine,  tactics,  and  training  packages  associated 
with  the  systems  being  evaluated  must  themselves  also  be  tested  and 
refined  as  necessary. 

For  the  present  report ,  a  literature  survey  Identified  target- 
acquisition  factors  and  probable  threat  tactics  and  targets.  This 
information  then  was  Integrated  into  a  target-presentation  methodology 
which  will  be  used  in  testing  selected  visual  acquisition  capabilities 
of  ground  observers. 

ARI  research  in  this  area  is  conducted  as  an  in-house  effort  augmented 
by  contracts  with  organizations  with  unique  capabilities  for  human 
factors  research.  The  present  research  was  done  Joiptly  by  personnel 
from  the  ARI  Fort  Hood  Field  Office  and  the  Hilman^R^sources  Research 
Organization  (HumRRO)  ,  under  contract  DAHC  19-7^^-0025,  and  is  responsive 
to  the  special  requirements  of  TCATA  and  the  Objectives  of  RDTE  Project 
2Q763T51A7T5,  "Human  Performance  in  Field  Assessment,"  FY  1976  and  1977 
Work  Programs. 


TARGET  PRESENTATION  METHODOLOGY  FOR  TACTICAL  FIELD  EVALUATIONS 


ItRIFF 


Requirement : 

-V 

The  research  requirement  was  to  develop  a  standard,  general-purpose 
target  presentation  methodology  that  could  be  enployed  to  evaluate  visual 
target  acquisition  equipment  in  future  US  Army  field  testa.  > 

Thla  developmental  effort  was  directed  toward  the  accompllahment  of  the 
following  tasks: 

*  The  Identification  of  the  factors  which  Influence  the 
target  acquisition  process 

*  The  determination  of  the  effects  of  these  factors  on  the 
acquisition  process  In  a  ground  environment. 

*  The  Identification  of  the  targets  and  tactics  likely  to 
be  encountered  In  a  European  battlefield  environment. 

*  The  Integration  of  the  results  of  the  above  tasks  Into  a 
standard,  general-purpose  presentation  methodology  suitable 
for  employment  In  field  taet  evaluations. 


Procedure: 

As  a  first  step  In  this  developmental  effort,  a  review  of  the  mili¬ 
tary  and  psychological  literature  wfs  conducted  to  collect  the  Information 
pertaining  to  the  im)  factors  Important  In  the  target  acquisition  process, ' 
end  £b)  Threat  tart  >'f s  and  tactics  likely  to  be  encountered  on  the  modern 
battlefield.  Following  the  review  of  the  literature,  the  Information 
collected  on  these  topics  was  Integrated  into  a  target  presentation 
methodology. 

T 

Principal  Findings: 

*  Analysis  of  the  military  and  psychological  research  yielded  24 
variables  (eight  target,  seven  environmental,  five  task,  and  four  ob¬ 
server  variables)  which  are  likely  to  affect  the  visual  acquisition 
process  for  ground-to-ground  target  situations. 

*  Threat  forces  are  basically  composed  of  armored  and  mechanized 
Infantry  units  with  tanks,  armorer'  combat  vehicles,  and  self-propelled, 
tracked  air  defense  weapon  system  constituting  the  primary  targets  on 
the  modern  battlefield. 

*  Threat  forces  employ  a  wide  variety  of  antiarmor  weapon  systems 
which  are  designed  to  form  an  Interlocking  defense  system  effective  over 
ranges  from  0  to  3500  meters.  These  limits  basically  define  the  kill  zone 
of  the  modern  battlefield  with  respect  to  Threat  antiarmor  weapons. 


*  Threat  forces  streak  the  attack  and  will  resort  to  tha  defense 

only  or.  n  temporary  expedient. 

*  Threat  furrow  train  lor  «nd  pi  mi  in  operate  on  «  ?4-liour  battle** 
day.  Quit'll  dl/m*lu  muy  lie  expected  during  llm  day,  while  fv  ’iberai* 
Alhtaka  auiy  ho  expected  dnrlnc.  Iho  n  1  kI > t  . 

*  Field  teats  of  target  acquisition  Bystene  should  eaploy  the  tar* 
geta  and  study  oparatlonal  situations  that  correspond  to  the  Threat 
targets  and  situations  llkaly  to  be  encountered  on  the  Bodern  battlefield. 

*  Frequently  In  past  field  research,  els takes  have  bean  Bade  with 
respect  to  factors  known  to  Influence  the  acqulaltlon  process  In  tarns  of 
the  Banner  In  which  the  targets  hava  been  defined  and  deployed  In  test 
envlronaents.  In  order  that  these  alatakes  are  not  repeated  In  future 
field  research,  test  planners  should  properly  account  for  each  of  tha  24 
factors  known  to  affect  the  acqulaltlon  process,  a.g.,  through  proper 
target  definition,  through  proper  test  site  selection,  and  through  tha 
enployaent  of  good  principles  of  experlaental  procedure. 

Utilisation  of  Findings: 

The  enployaent  of  tha  results  of  this  developaental  effort  by  teat 
planners  and  research  workers  during  the  planning  and  dealgn  phases  of 
target  acqulaltlon  field  tests  will  laprove  the  validity  of  the  teat 
data  obtained  in  these  teats  and  alnlalse  tha  likelihood  of  erroneous 
teat  conclusions. 
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CHAPTER  1 


INTRODUCTION 

Since  World  War  II  considerable  Interest  has  been  shown  in  the  prob¬ 
lem  of  target  acquisition,  i.e.,  the  detection,  identification,  and 
location  of  a  target  in  sufficient  detail  to  permit  the  effective  employ¬ 
ment  of  weapons.*  For  example,  during  World  War  II  considerable  research 
was  conducted  under  the  auspices  of  the  Armed  Forces  Vision  Committee 
into  the  problem  areas  of  ground-to-air  and  air-to-ground  acquisition. 
More  recently,  Interest  in  this  area  has  stemmed  from  several  sources: 

(a)  the  development  of  weapon  and  fire-control  systems  that  can  engage 
targets  at  ranges  far  in  excess  of  the  ability  sf  the  unaided  human 
observer  to  acquire  them,  (b)  the  requirement  to  conduct  tactical  opera¬ 
tions  in  jungle  and  other  low-visibility  environments,  and  (c)  the 
expectation  that  future  military  operations  are  likely  to  take  place  on 
a  24-hour  basis  with  a  premium  being  placed  on  night  operations.  For 
these  reasons,  the  problem  of  target  acquisition  has  been  and  is  a  con¬ 
tinuing  problem  for  the  military  establishment  of  the  United  States. 

As  a  consequence  of  the  problems  created  by  new  weapons  technology 
and  requirements  to  operate  in  low-visibility  environments,  considerable 
attention  has  been  directed  to  the  Improvement  of  the  human  observer's 
ability  to  acquire  targets  through  the  development  of  special  sensor 

1 Dictionary  of  United  States  Military  Terns  for  Joint  Usage..  Department 
of  Defense,  JCS  Publication  1,  August  1968. 

^D.  Jones,  M.  Freitag,  and  S.  Collyer.  Air-to-Ground  Target  Acquisition 
Source  Book:  A  Review  of  the  Literature,  Martin-Marietta  Corporation, 
Orlando,  Florida,  1974. 


systems.  For  example,  the  recent  tactical  operations  conducted  in  South¬ 
east  Asia  required  the  various  US  military  services  to  perform  their 

missions  under  conditions  of  low  illumination.  This  resulted  in  the 

3 

requirement  to  improve  their  capability  to  conduct  such  operations. 

In  turn,  this  need  led  to  the  development  of  sensors  to  improve  the 
seeing  and  tarpet  acquisition  capabilities  of  military  personnel  on  the 
ground  and  in  the  air  under  conditions  of  reduced  illumination. 

Generally,  the  developmental  cycle  for  military  equipment  includes 
tests  to  determine  whether  the  equipment  meets  specified  design  and 
operational  requirements.  Since  target  acquisition  devices  have  been 
developed  successively  over  a  period  of  years,  the  specific  requirements 
governing  their'  development  have  varied  considerably  as  a  function  of 
parameters  defining  the  particular  operational  environment  and  the  nature 
of  the  enemy  and  his  weapon  systems.  One  consequence  of  this  variation 
has  been  that  the  target  acquisition  situations  employed  during  testing 
have  varied  considerably  between  studies.  This  had  made  it  extremely 
difficult  to  compare  the  results  of  target  acquisition  studios  except 
in  a  broad  sense. 

It  is  well  known  from  studies  conducted  in  the  laboratory  and  in 
the  field  that  a  large  number  of  factors  influence  the  acquisition  of 
targets  by  the  aided  and  unaided  human  eye.  This  generally  makes  it 
next  to  impossible  to  study  all  factors  in  any  given  test.  However,  if 
a  standard,  general-purpose  target  presentation  methodology  was 
developed  for  target  acquisition  equipment  field  tests,  this  would 

■*, Night  C['M'aticne  am!  the  ftploimcnt  of  Eight  Victim  Devices  (U),  US 
Army  Combat  Development  Corwand,  November  19f>4  (SECRET). 


facilitate  future  research.  In  particular,  it  would  make  the  comparison 
of  studies  conducted  at  different  test  sites  at  different  times  under 
varying  environmental  conditions  a  much  easier  and  more  profitable  task 
for  the  researcher  evaluating  new  equipment. 

It  was  the  purpose  of  the  present  research  to  develop  such  a  target 
presentation  methodology  for  testing  acquisition  systems  employed  in  a 
ground  combat  role.  As  a  first  step  in  this  direction,  a  review  of  the 
military  and  psychological  literature  was  conducted  to  Identify  those 
factors  likely  to  be  important  in  developing  a  standard,  general-purpose 
target  presentation  methodology.  In  particular,  this  review  was  oriented 
toward  the  identification  of  independent  variables  likely  to  affect 
target  acquisition  in  field  environments  and  the  determination  of  the 
kinds  of  targets  and  tactics  likely  to  be  encountered  on  the  battlefields 
of  tomorrow. 

Next,  based  on  the  results  of  this  review,  the  target  presentation 
methodology  was  developed.  The  development  of  this  methodology  was 
accomplished  through  a  logical  synthesis  of  the  identified  target 
acquisition  factors  and  the  targets  and  tactics  identified  as  likely  to 
be  encountered  in  future  operational  military  environments.  This 
methodology  constitutes  the  product  of  the  research  and  is  described  in 
full  in  this  report  along  with  the  research  base  from  which  it  was 
developed. 

Military  Problem 

In  the  past,  military  evaluations  of  target  acquisition  devices  have 
often  been  conducted  under  unrealistic  field  conditions.  In  some  cases 
this  has  been  done  deliberately,  while  in  others  it  has  been  done  because 


of  Che  lack  of  an  adequate  methodology  for  developing  tactically  valid 
target  acquisition  situations.  For  example,  in  some  cases  field  evalua¬ 
tions  of  target  acquisition  devices  have  been  deliberately  conducted  under 
optimal  conditions  in  order  to  determine  the  absolute  capabilities  of 
these  devices.  While  such  tests  are  naturally  favored  by  the  developer, 
the  test  results  from  these  evaluations  tend  to  present  an  exaggerated 
picture  of  the  capabilities  of  the  evaluated  devices.  As  a  consequence, 
the  extrapolation  of  such  results  by  military  planners  to  operational  situ¬ 
ations  can  conceivably  lead  to  the  development  of  inappropriate  doctrine 
for  the  deployment  of  the  target  acquisition  devices. 

In  other  cases,  field  evaluations  of  acquisition  devices  have  been 
conducted  within  the  context  of  situations  that  have  not  necessarily 
realistically  simulated  potential  enemy  targets  and/or  their  deployment. 
Examples  of  tactically  invalid  targets  are  numerous:  a  single  tank  target 
advancing  down  a  long  straight  road  toward  an  observer,  unrealistically 
colored  aircraft  (e.g.,  aircraft  painted  luminescent  orange),  and  single 
personnel  targets  walking  upright  across  open  areas  without  attempting  to 
use  natural  cover.  Extrapolation  of  the  results  from  these  studies  could 
also  lead  military  planners  to  make  inappropriate  decisions  with  respect 
to  the  deployment  of  the  evaluated  devices. 

Finally,  in  some  field  tests  of  acquisition  devices  it  has  been  the 
case  that  highly  critical  parameters  describing  the  exact  physical  con¬ 
ditions  of  the  evaluation  have  not  been  measured  and  specified  in 
technical  reports  of  these  investigations.  Examples  of  such  critical 
parameters  are  the  level  of  ambient  illumination,  the  meteorological 
visibility,  and  target/background  contrast  ratio.  The  failure  to  measure 
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and  report  these  critical  parameters  has  made  it  virtually  impossible  to 
precisely  compare  the  results  obtained  from  one  data  collection  session 
to  another.  More  importantly ,  it  has  made  between-test  and  between- 
dcvlce  comparisons  relatively  difficult,  if  not  impossible.  Further,  it 
is  likely  that  certain  operational  conditions  which  may  contribute  to 
the  obtained  results  of  a  military  field  test  have  not  been  assessed  and 
specified  in  test  reports.  Examples  of  such  conditions  would  be: 

(a)  targets  which  appear  at  regular  and/or  too  frequent  Intervals,  (b) 
unrealistic  warning  information  provided  to  observers  specifying  the 
target  type,  as  well  as  the  time  and  direction  of  approach  by  the  target, 
and  (c)  the  representativeness  of  the  test  observers  to  likely  acqui¬ 
sition  device  users.  The  failure  to  specify  these  kinds  of  information, 
in  addition  to  making  test  comparisons  relatively  impossible,  can  also 
lead  military  planners  to  make  inappropriate  decisions  with  respect  to 
evaluated  target  acquisition  equipment. 

Target  acquisition  is  an  extremely  important  aspect  of  military 
operations.  Current  military  doctrine  with  respect  to  the  modern  battle¬ 
field  clearly  states  that  what  can  be  seen  can  be  hit,  and  what  can  be 
hit  can  be  killed.^  Thus,  the  side  which  acquires  targets  first  has  an 
obvious  tactical  advantage.  Therefore,  for  the  purposes  of  planning, 
for  both  the  purchase  and  deployment  of  acquisition  devices,  it  is  Impera¬ 
tive  that  the  real  tactical  capabilities  of  target  acquisition  devices 
be  known.  In  particular,  a  system  for  ensuring  that  tactically  valid 

^l'RADOC  Bulletin  8.  Modci'n  Weai'ans  on  the  blodem  Battlefield j  US  Army 
Training  and  Doctrine  Command,  Fort  Monroe,  Virginia. 


target  it  i  tuat  1 011s  are  employed  during  military  tests  of  target  acquisition 
equipment  Is  needed.  Wltlt  sudt  a  system,  it  will  he  possible  to  obtain 
realistic  data  that  can  be  used  by  military  planners  to  identify  target 
acquisition  systems  that  will  provide  the  US  Army  with  the  capability  to 
see  targets  first  on  the  modern  battlefield. 

Research  Problem  and  Approach 

The  research  problem  in  the  present  effort  was  to  develop  a  stan¬ 
ds ii'J,  ycneral -purpose  toa'yet  preoentation  r.cthodolcgu  that  could  be 
cr, ployed  to  evaluate  visual  target  ac<p<icitio>:  cquipricnl  in  future  IV> 

Amy  field  testa.  In  addition,  it  was  necessary  to  identify  those  target 
acquisition  factors  that  should  be  measured  or  controlled  during  field 
testing  in  order  to  provide  a  basis  for  bctween-field  test  comparisons. 
Further,  by  identifying  these  factors,  a  basis  could  be  established  for 
determining  the  extent  actual  field  tests  conditions  approximate  those 
called  for  in  a  given  target  presentation  design  plan. 

The  research  problem  resolved  into  four  basic  component  problems: 

(1)  the  identification  of  the  factors  which  influence  the  target  acquisi¬ 
tion  process,  (2)  the  determination  of  the  effects  of  these  factors  on 
the  acquisition  process  in  a  ground  environment,  (3)  the  identification 
of  the  targets  and  tactics  likely  to  be  encountered  under  various 
environmcntal/gcographical  conditions  in  a  central  Furopean  battlefield 
environment,  and  (A)  the  integration  of  the  above  information  into  a 
standard,  general-purpose  presentation  methodology  suitable  for  employ¬ 
ment  in  field  test  evaluations.  In  addition,  it  was  determined  that 
guidelines  for  the  measurement  and  control  of  relevant  acquisition  fac¬ 
tors  during  field  testing  should  be  developed. 
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Aa  a  first  step  in  the  present  research,  a  review  of  the  military  and 
psychological  literature  was  conducted  to  collect  the  information  pertain¬ 
ing  to  the  (a)  factors  important  in  the  target  acquisition  process,  and 
(b)  threat  targets  and  tactics  likely  to  be  encountered  on  the  modern 
battlefield.  Following  the  review  of  the  literature,  the  information  col¬ 
lected  on  these  topics  was  integrated  into  a  target  presentation  methdology. 
This  methodology  addresses  the  following  subject  matter  areas: 

a.  the  factors  that  should  be  evaluated  and/or  controlled 
during  a  target  acquisition  field  study, 

b.  the  likely  effects  of  each  of  the  above  factors  on  the 
target  acquisition  process, 

c.  the  threat  targets  which  should  be  realistically  simulated 
during  a  target -acquisition  field  study, 

d.  the  appropriate  situations  for  evaluating  target  acquisition 
systems  deployed  in  either  offensive  or  defensive  combat  roles. 

( 

This  report  then  presents  the  above  described  target  presentation 
methodology  and,  in  addition,  the  results  of  tiie  review  of  the  military 
and  psychological  literature  found  to  be  relevant  to  the  research  problem. 
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CHAPTER  2 


LITERATURE  REVIEW 


Factors  Involved  in  the  Ground- to-Ground 
Target  Acquisition  Process 

The  major  objective  of  the  current  research  was  to  identify  those 
factors  likely  to  be  Important  in  developing  a  standard,  general-purpose 
target  presentation  methodology  for  use  in  evaluations  of  target  acqui¬ 
sition  systems  in  a  ground  combat  role.  To  this  end,  a  review  of  the 
literature  on  visual  target  acquisition  was  conducted  to  identify  the 
behavioral,  environmental,  and  situational  variables  which  affect  the 
ability  of  human  observers  to  perform  visual  acquisition  tasks  in  field 
situations.  Some  300  reports,  books  and  journal  articles  were  acquired 
and  examined  during  the  course  of  the  literature  search.  The  literature 
in  this  area  was  found  not  only  to  be  extensive,  but  also  quite  diverse 
in  content.  Therefore,  it  was  judged  appropriate  in  the  initial  stages 
of  the  review  to  employ  some  criteria  for  limiting  the  literature  sur¬ 
veyed  to  material  thr.t  was  directly  relevant  to  the  specification  of 
valid  targets  for  evaluations  of  ground-based  target  acquisition  systems. 
As  a  consequence,  the  following  criteria  were  employed  to  limit  the  scope 
of  the  literature  surveyed: 

1.  Only  ground-to-ground  target  acquisition  was  considered. 

In  view  of  the  fact  that  the  results  of  the  review  were  to  serve  as  input 
for  specifying  valid  target  situations  for  evaluations  of  acquisition 
systems  deployed  in  a  ground  combat  role,  it  was  judged  appropriate  to 
limit  the  overall  scope  of  the  review  primarily  to  studies  conducted  in 
ground-to-ground  acquisition  situations.  Other  acquisition  situations, 
e.g.,  air-to-ground  and  ground-to-air,  were  considered  only  when  it  was 
not  possible  to  locate  research  conducted  in  a  ground-to-ground  acquisi¬ 
tion  situation  that  involved  variables  judged  to  be  logically  relevant 
to  the  acquisition  process  in  this  mode. 
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2.  Only  real-time  target  acquisition  studies  were  considered 
for  review.  Studies  involving  photographic  or  recorded  imagery  were 
generally  not  included.  Also,  computer  simulations  were  not  Included. 

3.  Studies  involving  the  use  of  optical  and  electro-optical 
systems  as  aids  to  target  acquisition  were  considered  in  addition  to 
studies  involving  unaided  (naked  eye)  target  acquisition.  Practically 
speaking,  this  restriction  limited  the  studies  considered  for  review  to 
those  which  directly  involved  the  processing  by  the  human  visual  system 
of  light  reflected  or  emitted  by  a  target  in  an  acquisition  situation. 

As  a  consequence,  studies  involving  target  acquisition  via  systems  such 
as  radar  or  sonar  were  excluded  from  the  review. 

4.  While  classified  material  was  reviewed,  it  was  not  in¬ 
cluded  in  this  review.  There  were  two  basic  reasons  for  this 
restriction.  First,  it  was  desired  that  this  review  be  generally  avail¬ 
able  to  the  scientific  community  as  a  whole.  Second,  much  of  what  is 
classified  in  this  area  was  not  sufficiently  relevant  to  the  alms  of  the 
review.  As  such,  this  material's  inclusion  would  have  added  little  real 
substance. 


5.  The  emphasis  in  this  review  was  on  the  data  provided  by 
studies  conducted  in  applied  field  settings.  Laboratory  research  was 
generally  considered  only  when  field  studies  were  few  or  were  not  avail¬ 
able  for  certain  acquisition  variables. 

6.  For  the  purposes  of  this  review,  target  acquisition  was 
viewed  as  a  generic  term  that  covered  not  only  the  detection  process, 
but  also  the  processes  of  recognition  and  identification.  As  such,  the 
term  target  acquisition  was  employed  as  a  neutral  term  whose  meaning  was 
largely  dependent  on  the  problem  of  targeting*  with  which  the  reviewed 
studies  were  concerned.  For  example,  if  the  target  problem  of  a  study 
was  solved  when  a  target  was  detected,  then  acquisition  was  said  to  have 
taken  place. 

After  application  of  these  criteria  for  selection  of  literature, 
some  100  of  the  documents  examined  were  deemed  of  sufficient  relevance  to 
be  appropriate  for  review  in  depth.  Eighty-four  of  these  were  finally 
chosen  for  inclusion  in  the  review. 


Targeting  refers  to  the  process  completed  by  an  observer  in  a  situation 
minimally  defined  by  the  presence  of  some  object  (the  target)  presented 
in  some  content  (the  background)  and  the  requirement  to  make  and  report 
a  judgment  about  the  target's  presence  with  respect  to  some  predefined 
rule  (criteria). 
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It  seems  reasonable  to  assume  that  a  common  set  of  factors  determine 
the  perception  of  objects  in  the  visual  world."  Of  course,  under  certain 
conditions,  it  is  to  be  expected  that  the  contribution  of  any  factor  or 
group  of  factors  may  be  negligible.  However,  to  ensure  adequate  ex¬ 
perimental  control  and  to  facilitate  the  replication  of  experimental 
research,  it  is  important  to  explicitly  account  for  each  factor  important 
to  the  perception  process.  This  is  particularly  true  whenever  target 
acquisition  research  is  conducted  in  outdoor  settings. 

n  / 

Previous  research  by  the  present  author  in  this  problem  arenJ’ '  was 

5 

guided  by  a  theoretical  orientation  described  by  Woodworth.  lie  sug¬ 
gested  that  an  organism's  responses  (measured  by  dependent  variables, 
o.g.,  time  to  detection,  percent  detections,  accuracy  of  identification) 
are  a  function  of  both  stimulus  (external)  and  organismic  (internal) 
events.  As  this  orientation  proved  to  be  useful  for  organizing  relevant 
target  acquisition  literature  in  this  prior  research,  it  was  employed 
during  the  current  review  of  tills  problem  area. 

2 

T.  Nichols  and  T.  Powers,  ‘•'ooulioht  i vid  Xitiht  Vii'ibi  1  iiy,  HumRRO 
Research  Memorandum,  Human  Resources  Research  Organisation,  Alexandria, 
Virginia,  January  1964. 

3 

J.  Cavlnoss,  .1.  Maxey,  and  .1.  McPherson.  TitViyt 

Fi'tinaticn,  HumRRO  Technical  Report  72-34,  Human  Resources  Reseat  ch 
Organization,  Alexandria,  Virginia,  November  1972. 

4 

J.  Cavlnoss  and  J.  Maxey .  Detection  rj  Humri  Teveetr,  HumRRO  Technical 
Report  74-4,  Human  Resources  Research  Organization,  Alexandria,  Virginia, 
February  1974. 

'’R.  Woodworth  and  II.  Schlosberg.  AVrjvi -rrh'.ntaJ  New  York: 

Holt  and  Company,  1954, 
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The  stimulus  or  external  events  considered  for  their  effect  on  the 


acquisition  process  fell  in  three  broad  categories:  object  (target)  char¬ 
acteristics,  environmental  (background)  characteristics,  and  task 
(situational)  characteristics.  In  general,  these  categories  of  indepen¬ 
dent  variables  were  defined  in  the  following  ways.  Object  characteristics 
were  defined  as  those  parameters  which  described  the  target  to  be  ac¬ 
quired  in  a  given  situation.  Environmental  characteristics  were  defined 
as  those  parameters  which  described  the  physical  situation  in  which  the 
target  appeared.  Finally,  task  characteristics  were  defined  as  those 
parameters  which  delineated  the  rules  and  procedures  under  which  the  ob¬ 
server  operated  during  the  acquisition  task. 

The  organl'smic  or  internal  events  considered  for  their  effect  on  the 
acquisition  process  were  those  observer  characteristics  which  could 
logically  affect  the  observer's  capacity  to  perform  the  acquisition  task. 
In  general,  it  was  expected  that  relevant  Individual  differences  reflect 
distributions  of  prcestabllshed  skills  or  abilities  that  differentially 
assist  or  hinder  the  performance  of  the  acquisition  task. 

Thus,  for  the  purpose  of  t'li.s  section  of  the  report,  two  general 
classes  of  variables  (stimulus  owe  observer)  were  considered  for  their 
effects  on  the  performance  of  the  acquisition  task  under  field  condi¬ 
tions.  In  particular,  it  was  assumed  that  criterion  measures  of 
acquisition  (measures  of  correctness,  timeliness,  and  accuracy)  wore 
dependent  upon  object  characteristics,  environmental  characteristics, 
task  characteristics,  and  observer  characteristics.  However,  it  should 
be  recognized  that  in  "real  world"  situations  it  is  generally  the  case 
that  interdependencies  of  one  degree  or  another  exist  among  these 


classes  of  characteristics.  For  example,  target  contrast  is  always 
measured  with  respect  to  a  particular  target  and  a  particular  background. 
Variations  in  shape  are  generally  correlated  with  variations  in  size. 
Changes  in  both  target  size  and  target  range  significantly  affect  the 
size  of  the  visual  angle  seen  by  an  observer.  The  range  at  which  a  tar¬ 
get  can  be  expected  to  be  available  for  detection  often  limits  the  amount 
of  visual  space  that  must  be  searched  during  the  acquisition  process. 
Thus,  at  any  one  time  it  may  be  expected  that  a  number  of  factors  will 
play  a  part  in  the  acquisition  process.  Further,  due  to  the  existence  of 
these  interdependencies  it  can  be  expected  that  "pure"  examples  of  these 
characteristics  never  exist  in  the  natural  world.  Therefore,  while  this 
review  will  address  the  effects  of  selected  stimulus  and  observer  char¬ 
acteristics  as  if  they  existed  in  pure  independent  states  under  natural 
viewing  conditions,  it  should  always  be  remembered  that  this  does  not 
completely  reflect  the  true  situation. 

Stimulus  Variables 

The  majority  of  the  research  conducted  on  the  problem  of  target 
acquisition  has  focused  on  the  effects  of  various  stimulus  variables. 
Caviness  and  Maxey^  point  to  three  reasons  for  this  state  of  affairs. 
First,  perceptual  questions  have  historically  been  the  domain  of  experi¬ 
mental  psychology.  Second,  external  variables  are  usually  more 
available  and  easier  to  manipulate  than  organismic  variables.  Third, 
manipulation  of  external  variables  is  often  the  most  logical  course  for 

^J.  Caviness  and  J.  Maxey,  op.  ait. 
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the  experimenter  to  take  in  determining  the  basin  of  the  human  perceptual 
response.  Tilts  disposition  reflects  the  experimentalist's  assumption 
that  humans  are  more  alike  in  the  way  they  behave  than  they  arc  dif¬ 
ferent.  For  these  reasons  then,  target  acquisition  research  has  studied 
the  detection  of  objects  in  terms  of  their  attributes  and  the  inter¬ 
actions  of  these  attributes  with  certain  environmental  and  task 
characteristics. 

Target  Characteristics 

The  objects  which  have  served  as  targets  in  acquisition  studies  have 
varied  in  many  different  ways:  size,  shape,  color  contrast  with  the 
background,  brightness  contrast,  distance  from  the  observer,  durutlon  cf 
exposure,  and  presence  of  motion.  It  is  the  purpose  of  this  section  of 
the  review  to  discuss  the  effects  of  these  characteristics  on  target 
acquisition. 

Size.  Research  on  the  effect  of  target  size  on  acquisition  perfor¬ 
mance  has  been  conducted  in  the  laboratory  and  in  the  field.  In  the 
laboratory  size  is  manipulated  by  varying  the  visual  unglo  subtended  by 
a  particular  target  object,  usually  a  uniform  circular  disk.  Tills  manipu¬ 
lation  is  accomplished  by  cither  varying  the  distance  at  which  a  standard 
sized  target  is  viewed  or  by  varying  the  linear  size  and/or  area  of  a 
target  with  viewing  distance  held  constant. 

In  field  research,  target  size  is  usually  varied  in  one  of  two  ways: 
(a)  by  employing  different  types  of  targets  (e.g.,  men,  tanks,  jeeps)  that 
vary  in  their  physical  dimensions  with  target-to-observer  range  held 
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constant,  or  (b)  by  varying  the  number  or  percent  of  a  given  type  of  tar¬ 
ge^  with  viewing  distance  held  constant.  Target  size  (in  terms  of  visual 
angle)  can  also  be  varied  by  changing  the  viewing  distance  to  a  given 
target.  However,  in  a  field  situation,  changes  in  range  are  normally 
highly  correlated  with  a  number  of  other  factors  which  influence  the 
acquisition  process,  such  as  brightness  contrast  and  color  contrast. 
Therefore,  in  order  to  assess  the  effects  of  size  alone,  the  two  pre¬ 
viously  described  means  of  manipulating  size  are  preferable. 

For  both  laboratory  and  field  studies  the  common  finding  is  that, 
other  things  being  equal,  as  target  size  is  increased  from  small  values 
to  large  values,  the  probability  of  detection  increases  up  to  and  in¬ 
cluding  unity.  Blackwell  and  Taylor's  survey  of  laboratory  studies  of 
visual  detection^  covers  a  representative  sample  of  laboratory  results  in 
this  area.  In  these  studies  circular  disks  of  varying  area  were  viewed 
against  backgrounds  of  uniform  luminances.  Observers  were  allowed  to 
view  the  target  objects  without  any  restrictions  on  the  amount  of  time 
they  spent  in  observation.  Viewing  times  ranged  from  10  to  30  seconds. 
Further,  in  these  studies  the  targets  were  in  the  most  f.ivorable  viewing 
posi;-!'in  as  selected  by  the  observer.  The  general  finding  was  that  as 
the  target  area  increased,  the  50  percent  contrast  threshold  decreased, 
i.e.,  acquisition  performance  improved. 

Relatively  few  field  studies  of  ground-to-ground  acquisition  have 
manipulated  the  size  variable.  Richardson  (in  an  analysis  of  data 

^H.  Blackwell  and  J.  Taylor.  Survey  of  Laboratory  Studies  of  Visual 
Detection,  paper  presented  at  the  NATO  Seminar  on  Detection,  Recogni¬ 
tion,  and  Identification  of  Line-of-Sight  Targets,  The  Hague, 
Netherlands,  25-29  August  1969. 


collected  during  a  Combat  Developments  Command  Experimentation  Center 
[CDCEC]  study)  reported  that  the  size  of  tactical  ground  targets  was  sig- 

O 

nlf leant ly  related  to  their  detectability.  Four  classes  of  targets  were 
evaluated:  personnel  targets,  small  equipment  targets  (jeep,  towed  field 
gun),  medium  equipment  targets  (2.5-ton  truck,  armored  personnel  carrier), 
and  large  equipment  targets  (tank,  five-ton  truck).  The  targets  were 
located  at  53  presurveyed  locations  within  three  range  bands  centering  on 
1000,  3000,  and  5000  meters.  Further,  depending  on  the  experimental  con¬ 
dition,  the  targets  were  either  stationary  or  moving  with  movement  being 
either  local  (in  place)  or  slow  in  a  lateral  direction.  In  order  to  con¬ 
trol  for  differences  in  target  range,  the  apparent  size  (i.e.,  the  visual 
angle)  of  each  target  was  determined.  These  targets  were  observed  during 
daylight  hours  by  military  observers.  In  general,  the  detectability  of 
the  targets  Increased  as  the  size  of  the  targets  increased,  e.g.,  percent 
detections  increased  as  target  size  increased. 

Q 

Caviness  and  Naxey  also  conducted  a  study  investigating  the  effect 
of  target  size  on  the  acquisition  performance  of  military  observers.  In 
this  study  all  observations  were  completed  without  visual  aids.  Under  con¬ 
ditions  of  normal  daylight  illumination,  observers  acquired  single,  double 
triple-in-line,  and  triple-in-file  personnel  targets  walking  toward  their 
positions  across  a  grassy  field  on  the  Fort  Benning  Military  Reservation 
in  Georgia.  They  found  no  significant  differences  in  the  detection  range 
or  in  the  time  to  detection  for  the  varying  target  sizes  investigated. 

®F.  Richardson.  Target  Acquisition  Performance  by  Ground  Observers  -  A 
Physical  Interpretation ,  Technical  Report,  Army  Combat  Developments 
Command,  Fort  Ord,  California,  July  1968. 

^J.  Caviness  and  J.  Maxey,  op.  cit. 


Taken  together,  these  two  studies  suggest  that  for  physical  target 
size  to  matter  in  ground-to-ground  field  studies  conducted  under  full  day¬ 
light  illumination,  the  differences  in  the  relative  target  size  must  be 
quite  large.  Otherwise,  acquisition  performance  will  be  little  affected 
by  the  size  variable. 

Size  as  a  variable  has  also  been  investigated  under  low  illumination 

conditions.  In  a  study  conducted  at  the  Japanese  Infantry  School  during 
10 

the  mid-1930s,  infantry  observers  acquired  single  soldier,  patrol  size, 
and  unit  size  targets  under  varying  conditions  of  low  illumination  with¬ 
out  visual  aids.  As  target  size  increased,  the  range  at  detection  also 
increased.  Similar  results  were  found  by  Taylor11  in  a  study  conducted 
under  both  starlight  and  full-moon  illumination  conditions.  In  this 
study,  targets  were  standing,  kneeling,  or  prone  infantrymen.  For  both 
conditions  of  low  illumination,  standing  targets  were  easier  to  detect 
than  kneeling  targets,  while  kneeling  targets  were  easier  to  detect  than 
prone  targets.  Again,  all  observation  was  conducted  without  visual  aids. 
In  a  study  conducted  at  Fort  Knox,  Kentucky,  during  1959  similar  results 
were  obtained  for  small  (e.g.,  two-man  tents),  medium  (e.g.,  jeep),  and 
large  (e.g.,  2.5-ton  truck  equipment  targets.  As  target  size  increased 
the  detection  range  for  targets  increased.  All  testing  in  this  study  was 

^"Principles  of  Night  Combat,"  Japanese  Night  Combat,  Part  7.  Head¬ 
quarters,  US  Army  Forces,  Far  Fast,  Eighth  US  Army  Military  Section, 
Japanese  Research  Division,  undated. 

11J.  Taylor.  Moonlight  I:  Identification  of  Ptaticnaiv  Hunan  Taivusts, 

HumRRO  Research  Memorandum  21,  Human  Resources  Research  Organization, 
Alexandria,  Virginia,  December  1960. 

^h.  Martinek,  R.  Tanck,  and  J.  Mcllinger.  Field  Evaluation  of  ANST- 
Amoured  Patrol,  Research  Memorandum  59-12,  Personnel  Research  Branch, 
Adjutant  General's  Office,  November  1959. 
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conducted  under  moonless  and  cloudless  conditions.  Subjects  were  dark 

adapted  prior  to  making  their  observations. 

1  1 

Finally,  Sternberg  and  Banks  J  (during  an  investigation  of  search 
effectiveness  with  passive  night  vision  devices)  had  observers  detect 
both  personnel  and  vehicular  targets  under  low  illumination  conditions. 
Personnel  targets  were  placed  at  near  (100-300  meters)  and  mid  (350-800 
meters)  distances,  while  vehicular  targets  were  placed  at  mid  and  far 
(800-1200  meters)  distances  from  the  observer's  position.  This  arrange¬ 
ment  was  employed  to  conserve  experimental  resources,  since  it  had  been 
found  in  earlier  work  that  personnel  targets  had  a  low  probability  of 
detection  at  the  far  distances,  while  vehicular  targets  had  a  high  proba¬ 
bility  of  detection  at  the  near  distances.  In  general,  they  found  for 
all  conditions  of  low  illumination  studied  that  vehicular  targets  were 
detected  at  a  higher  rate  than  personnel  targets.  However,  due  to  the 
above  mentioned  target  placement  arrangement,  the  advantage  of  size  dif¬ 
ferences  in  the  targets  for  detection  performance  is  only  suggested. 

These  studies  thus  indicate  that  size  can  be  a  factor  in  acquisition 
of  targets  by  human  observers  under  conditions  of  full  and  reduced  illumi¬ 
nation  for  both  aided  and  unaided  observation.  However,  the  evidence 
strongly  suggests  that  differences  in  relative  target  size  must  be  large 
for  this  variable  to  become  influential.  For  small  differences  in  relative 
size,  other  factors  are  likely  to  be  more  important  in  the  acquisition 
process. 

Sternberg  and  J.  Banks.  Search  Fffecti voices  vith  Passive  Night 
Vision  Devices ,  Technical  Research  Report  1163,  Behavior  and  Systems 
Research  Laboratory,  Arlington,  Virginia,  June  1970. 


Shape.  The  shape  of  a  target  is  on  obvious  physical  characteristic, 
and  as  such,  it  is  intuitively  appealing  to  suppose  that  this  char¬ 
acteristic  is  an  important  factor  in  the  target  acquisition  process.  In 
natural  settings  potential  target  objects  varying  in  shape  appear  in  the 
context  of  other  non-target  objects  which  also  tend  to  vary  in  shape. 
Thus,  the  effect  of  shape  variations  on  target  acquisition  performance 
is  likely  to  be  influenced  by  the  type  and  variety  of  background  shapes 
present  during  the  completion  of  the  acquisition  task.  In  addition,  due 
to  the  presence  of  camouflage  and  the  expected  mobility  of  many  potential 
targets  in  field  situations  (e.g.,  tanks,  jeeps,  scout  vehicles,  etc.), 
it  may  be  expected  that  target  shape  will  show  significant  variations 
during  the  course  of  an  engagement  for  particular  target  objects.  Thus, 
it  may  be  expected  that  the  effect  of  shape  variations  on  target  acqui¬ 
sition  performance  in  field  settings  will  depend  not  only  on  obvious 
differences  in  target  shapes,  but  also  on  the  interaction  of  these  dif¬ 
ferences  with  background  shape  differences  and  the  change  in  both  target 
and  background  shape  differences  over  time. 

Research  on  the  effect  of  target  shape  on  detection  performance  has 
been  conducted  primarily  in  the  laboratory.  No  ground-to-ground  acqui¬ 
sition  studies  were  found  that  specifically  addressed  the  question  of  the 
effect  of  shape  on  acquisition  performance.  Shape  is  a  characteristic 
that  is  very  difficult  to  specify  once  one  goes  beyond  geometrical  forms. 
In  particular,  most  natural  objects  or  man-made  objects  likely  to  be 
available  for  detection  in  a  field  situation  have  complex  shapes  composed 
of  many  intersecting  angles  and  contours.  Further,  in  manipulating  this 
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variable,  It  Is  always  necessary  to  ensure  that  target  area  for  differ¬ 
ent  shapes  is  held  constant.  Otherwise,  any  differences  found  between 
differently  shaped  targets  could  also  be  attributed  to  differences  in  tar¬ 
get  area.  For  these  reasons,  experimental  psychologists  have  generally 
preferred  to  conduct  research  on  the  effects  of  shape  on  detection  per¬ 
formance  in  laboratory  situations. 

One  of  the  earliest  studies  concerned  with  the  role  of  shape  in  the 
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process  of  detection  was  conducted  by  Kelson  and  Fehrer.  The  purpose 
of  their  study  was  to  determine  the  thresholds  for  (a)  Just  seeing  light, 

(b)  perceiving  Just-noticeable  form,  and  (c)  perceiving  definite  form. 

Six  different  targets  (lsoscles  triangle,  rectangle,  circle,  semicircle, 
inverted  "v"  figure,  and  square)  of  equal  area  were  studied.  For  all 
forms  it  was  found  that  the  threshold  for  the  detection  of  light  was  lower 
titan  the  threshold  for  Just-noticeable  form.  In  general,  it  was  found 
that  the  threshold  for  Just-noticeable  form  was  twice  that  of  the  thresh¬ 
old  for  the  detection  of  light.  Further,  it  was  found  that  the  threshold 
for  perceiving  definite  form  varied  ns  a  function  of  the  form's  shape.  That 
is,  it  was  found  that  some  forms  required  less  light  relative  to  the  other 
forms  to  be  correctly  retfognized.  For  example,  the  rectangular  target 
required  less  light  for  correct  recognition  when  compared  to  the  other 
form  Investigated. 

More  recently,  Fox'5  Investigated  the  effect  of  form  differences  on 
perception.  In  this  investigation,  six  different  target  shapes  (circle. 


'**11.  Kelson  and  K.  Fehrer.  "The  Hole  of  Form  in  Perception,"  /ImovYviM 
Journal  of  Poyohol (\nj ,  1932,  44,  79-102. 


15W.  Fox.  Visual  iHiU'rininaticu  its  a  h'uwtiop  of  i'tir.uluo  flt'no,  i'haj'o. 


(Phi  yjtic  (iPthtifPit,  WA11C  Technical  Note  57-132,  Wright  Air  Development 
Center,  Wright-I’at terson  AFH,  Ohio,  August  1957. 
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irregular  figure,  square,  triangle,  cross,  and  star)  of  equal  urea  were 
studied.  Since  target  area  was  held  constant  in  this  study,  there  was 
some  variation  in  the  perimetcr-to-arca  ratio,  but  this  was  judged  to  be 
minimal.  In  addition,  targets  varied  in  size  from  small  (average  visual 
angle  -  12.3  minutes)  to  medium  (average  visual  angle  ■  65.6  minutes)  to 
large  (average  visual  angle  “  123.7  minutes).  All  targets  were  presented 
against  a  homogeneous  well-lighted  background. 

Data  analysis  revealed  that  observer  detection  performance  was  af¬ 
fected  by  variations  in  target  shape  for  only  the  medium  and  large  sized 
targets.  In  particular,  detection  thresholds  were  greater  for  the  cross 
and  irregular  shaped  targets  than  for  the  circular,  square,  triangular, 
and  star  shaped  targets  for  both  the  medium  and  large  size  conditions. 

For  the  small  size  condition,  detection  thresholds  were  not  found  to  vary 
significantly  among  the  target  figures. 

Kristofferson^  has  also  investigated  the  effect  of  variations  in 
target  shape  on  target  acquisition  performance.  In  this  research  the 
detectability  of  circular  and  non-circular  (rectangular,  spoked,  and 
geometric  shaped  forms)  targets,  equated  for  area,  was  investigated.  In 
general,  his  research  found  that  non-circular  targets  had  higher  detection 
thresholds  than  circular  targets. 

These  studies  seem  to  suggest  that  target  shape  should  be  a  factor  in 
the  process  of  target  acquisition.  Different  shapes  do  appear  to  differ 

***A.  Kristof ferson.  Visual  Detection  Influenced  hi  Target  Form,  paper 
presented  at  Target  Acquisition  Symposium,  Naval  Training  Device  Center, 
Orlando,  Florida,  November  1972. 
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In  their  relative  detectability.  However,  in  natural  environments  shapes 
do  not  occur  in  isolation.  They  always  occur  in  the  context  of  other 
shapes.  As  a  consequence,  the  Importance  of  shape  for  target  '\cquisltlon 
in  the  field  is  likely  to  be  in  terms  of  the  discrimlnablllty  of  target 
shape  from  background  shape. 

For  example,  Smith*7  investigated  the  effect  of  variations  in 
target-background  shape  similarity  on  target  acquisition  performance. 

In  this  study  four  target  shapes  were  investigated:  triangle,  square, 
pentagon,  and  hexagon.  These  shapes  were  presented  against  a  background 
composed  of  circular  shapes  of  equal  contrast  and  area.  In  all  cases, 
target  and  background  shapes  were  presented  well  above  threshold  detec¬ 
tion  levels.  'It  was  found  that  as  the  similarity  between  the  target  and 
background  shapes  increased,  the  time  required  to  locate  the  target  in¬ 
creased,  i.e.,  the  case  of  acquisition  decreased  with  increased  similarity 
of  target  and  background  shape. 

These  results  clearly  suggest  that  target  shape  is  likely  to  be  a 
factor  in  the  acquisition  of  targets  in  a  field  environment,  particularly 
when  the  target  appears  in  the  context  of  non-target  objects  of  similar 
shape.  However,  this  conclusion  is  based  on  the  results  of  laboratory 
work.  As  such,  it  remains  to  be  verified  by  research  conducted  under 
field  conditions  employing  target  and  background  shapes  characteristic  of 
a  combat  environment. 

17S.  Smith.  Time  Required  for  Tai'get  Detection  in  Corrplcx  Abstract 
Visual  Displays,  Memorandum  2900-235-R,  University  of  Michigan, 

Ann  Arbor,  April  1961. 
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Color.  Thu  hum. in  eye  Is  differentially  sensitive  to  different  levels 


of  ambient  Illumination.  This  is  due  to  the  existence  of  two  different 
kinds  of  receptor  organs  located  in  the  retina  of  the  eye  —  rods  and 
cones.  The  central  area  of  the  retina  is  composed  largely  of  cones  with 
a  very  few  rods,  while  in  the  peripheral  areas,  the  reverse  is  true. 

The  cone  receptors  mediate  photopic  or  "daylight"  vision,  while  the  rods 
mediate  scotopic  or  "night"  vision.  One  property  of  photopic  vision  is 
that,  depending  upon  the  wavelengths  of  light  which  reach  the  cone  recep¬ 
tors,  objects  appear  to  have  hue  or  color.  As  the  intensity  of  the  ambient 

illumination  which  readies  the  eye  is  lowered,  colored  objects  first  lose 

1 8 

their  brillancd  end  then  become  colorless.  A  similar  result  occurs 
when  the  intensity  of  the  illumination  reaching  the  eye  is  increased  to 
relatively  high  levels. 

Thus,  color  is  a  property  of  objects  only  under  conditions  of 

photopic  or  daylight  illumination.  Within  the  rather  wide  limits  of  the 

electromagnetic  energy  spectrum,  only  a  very  small  part  of  the  spectrum 
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affects  the  receptors  of  the  eye  (from  about  380  to  7b0  nanometers). 

The  color  manifested  by  objects  viewed  under  photopic  illumination 
conditions  depends  on  the  wavelengths  of  light  reflected  from  the  object. 
For  example,  objects  which  reflect  wavelengths  from  the  upper  end  of  the 
spectrum  (from  610  to  760  nanometers)  will  appear  red,  while  objects  which 

*®F.  Geldard.  The  liumn  Fcnttce,  New  York:  John  Wiley,  1952. 

^K.  von  I'ieandt.  The  World  of  Paveptieti,  Homewood,  Illinois:  Dorsey 
Press,  1966. 


reflect  wavelengths  from  the  lower  end  of  the  spectrum  (from  380  to  420 
nanometers)  will  appear  violet.  In  between  these  ranges,  the  colors  of 
orange,  yellow,  green,  and  blue  are  produced  by  the  appropriate  wave¬ 
lengths  . 

In  military  ground  combat  situations,  the  number  of  colors  likely  to 
be  observed  is  limited  compared  to  that  experienced  in  non-military 
environments.  This  is  because  military  vehicles  and  equipment  are 
generally  painted  some  shade  of  dark  Rrcen  or  olive  drab  or  painted  in  a 
camouflaged  pattern  composed  of  various  shades  of  green,  brown,  tan  or 
black.  Further,  personnel  usually  are  dressed  in  olive  drab  colored 
clothing  or  in  clothing  covered  in  a  camouflaged  pattern  composed  of 
greens,  browns;  tans  and  black.  As  a  consequence,  it  may  be  expected 
that  for  military  targets,  color  will  be  of  small  importance  in  the 
acquisition  process.  However,  this  will  be  true  only  insofar  as  the 
colors  of  military  targets  do  not  sharply  differ  from  that  of  the  environ¬ 
ment  in  which  they  appear. 

Field  research  supports  this  conjecture.  In  a  study  conducted  by 
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the  US  Army  Infantry  Board  at  Fort  Benning,  it  was  found  that  100  per¬ 
cent  of  the  observers  could  locate  a  target  wearing  a  white  T-shirt  in 
an  area  of  trees  and  shrubs  at  1400  meters.  Conversely,  only  10  percent 
of  the  observers  could  locate  a  target  wearing  the  OC  107  field  uniform 
at  190  meters.  Similar  results  were  obtained  by  Mattlmore  and  Wollanston 
in  a  mid-latitude  mixed  forest  (hardwood,  white  pine,  and  hemlock 

2®U8cr  Review  of  Individual  Camouflage.  Troject  No.  2989,  US  Army 
Infantry  Board,  Fort  Benning,  Georgia,  March  1963. 
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trees).  In  this  study,  a  target  wearing  a  white  shirt  was  seen  at  an 
average  range  of  124  feet  [38  meters],  while  a  target  wearing  an  OG  107 
field  jacket  was  seen  at  an  average  range  of  only  86  feet  [26  meters]. 

Caviness  and  Maxey2-*  conducted  a  study  at  Fort  Bennlng  which  In¬ 
vestigated  the  effect  of  target  color  contrast  on  target  acquisition. 

The  targets  in  this  study  wore  either  an  olive  drab  uniform,  a  forest 
green  uniform,  or  a  black  pajama-type  uniform.  Two  target  backgrounds 
(each  correlated  with  a  different  avenue  of  approach)  were  evaluated  in 
this  study.  Analysis  of  their  data  revealed  that  there  was  an  Inter¬ 
action  between  the  type  of  background  (avenue  of  approach)  evaluated  and 
target  uniform  color.  For  one  background,  time  to  detection  was  least 
for  the  black  uniform,  greatest  for  the  olive  drab  uniform,  and  an  inter¬ 
mediate  value  for  the  forest  green  uniform.  For  the  other  background, 
the  detection  time  was  least  for  the  black  uniform,  and  greater  and  about 
equal  for  the  olive  drab  and  forest  green  uniforms.  The  results  Indicated 
that  by  changing  the  background  against  which  a  colored  target  was  ob¬ 
served,  the  relative  detectability  of  the  colored  target  could  be  altered, 
as  was  the  case  for  the  forest  green  targets. 

21R.  Anstey.  Visibility  Measurement  in  Forested  Areas,  Special  Report 
S-4,  Earth  Sciences  Division,  US  Army  Natick  Laboratories,  Natick, 
Massachusetts,  November  1964. 

22For  the  convenience  of  the  reader,  measurements  that  were  made  in  a 
non-metric  system  of  measurement  were  converted  to  the  metric  system 
for  purposes  of  comparison.  These  conversions  were  rounded  to  the 
nearest  meter  and  are  put  In  brackets  adjacent  to  the  non-metric 
measurement. 

23j.  Caviness  and  J.  Maxey,  op.  oit. 
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Finally,  Skinner  and  Jenkins^4  have  found  that  the  off cctivencBs  of 

camouflage  uniforms  decreases  with  increasing  color  contrast,  independent 

of  brightness  contrast.  This  conclusion  was  based  on  an  analysis  of  data 

collected  during  an  investigation  of  the  camouflage  effectiveness  of  six 
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uniforms  which  was  conducted  In  a  light  eucalyptus  forest.  In  this 
study,  military  observers  searched  for  six  headless  pop-up  silhouette 
targets  located  at  target-to-observer  ranges  of  up  to  50  meters.  The 
targets  were  dressed  in  one  of  six  different  uniforms  (five  disruptivcly- 
patterned  uniforms  and  a  set  of  "jungle  greens").  Uniform  effectiveness 
was  defined  in  terms  of  the  percentage  of  targets  that  remained  un¬ 
detected  during  the  study.  In  addition,  using  a  tclephotometer ,  measure¬ 
ments  of  the  average  color  of  the  background  and  the  uniforms  was 
obtained.  Finally,  the  average  length  and  width  of  a  typical  pattern 
.•lement  from  each  uniform  were  determined  (for  the  solid  uniform,  the 
averages  were  arbitrarily  designated  zero).  Collectively,  these  data 
defined  four  shape  factors  (length,  width,  /haJ,  and  l/v;  two  color¬ 
brightness  contrast  factors;  and  five  color-contrast  factors.  Analysis 
of  these  data  revealed  that  a  combination  of  pattern  length  and  color 
contrast  had  the  highest  correlation  with  camouflage  effectiveness. 

Thus,  it  was  concluded  that  color  contrast,  independent  of  brightness 
contrast,  was  a  significant  factor  in  the  detection  of  camouflage  uniforms. 

A  » 

Skinner  and  S.  Jenkins.  A  Rational  a  for  the  of  a  Camouflage 

Ufiifom,  MRL  Report  598,  Materials  Research  Laboratories,  Maribyrnong, 
Australia,  1974  (RESTRICTED). 

G.  Smith,  D.  Skinner,  and  S.  Jenkins.  A  Frclimnajrt  Ccnpavipon  of  the 
Detectability  of  Certain  Camouflage  Unifoine,  DSL  Report  593,  Defence 
Standards  Laboratories,  Maribyrnong,  Australia,  1973  (RESTRICTED). 


Thus ,  it  seems  clear  for  target  acquisition  conducted  in  field  en¬ 
vironments,  that  it  is  not  so  much  the  object  color  that  is  critical  for 
detection  as  it  is  the  contrast  of  this  color  with  the  background  in 
which  it  appears.  Therefore,  color  contrast,  not  color,  is  the  important 
variable  for  the  acquisition  process  for  colored  objects.  Further,  these 
studies  sup, pest,  for  military  targets  which  are  typically  preen  or  brown 
hued,  that  these  tarpets  will  be  difficult  to  detect  in  field  situations 
characterized  by  preens  or  browns.  Finally,  it  can  be  expected  that  tar- 
pets  with  hiph  color  contrast  will  be  detected  sooner  and  further  away 
than  tarpets  with  low  color  contrast. 

Brightness  contrast.  In  field  situations  tarpets  always  appear  in 
the  context  of'  a  backpround.  Both  tarpets  and  their  backgrounds  may  be 
characterized  by  the  amount  of  light  they  reflect  toward  an  observer,  i.c., 
they  may  be  characterized  by  their  respective  brightnesses.  Brightness 
contrast  is  a  way  of  specifying  the  relative  brightness  of  a  target  with 
respect  to  its  backpround.  It  is  usually  defined  as  the  ratio  of  the 
difference  between  measured  target  and  backpround  brightness  to  the 
measured  background  brightness,  i.e., 

Contract  =  t  -  !'l' 

pb 

where  P t  is  the  measured  brightness  of  the  target  and  Pl.  is  the  measured 
brightness  of  the  background.  Brightness  contrast  is  said  to  be  positive 
when  the  target  is  brighter  than  the  background,  negative  when  the  target 
is  darker  than  the  background,  and  zero  when  the  target  and  background  are 
of  the  same  brightness. 


In  general,  for  field  studies  of  acquisition  the  inherent  brightness 

contrast  of  a  target  (contrast  measured  at  or  near  the  target)  is  of  less 
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significance  titan  the  apparent  brightness  contrast.  Apparent  contrast 
is  the  brightness  contrast  of  a  taiget  relative  to  its  background 
measured  at  the  observer's  eye.  It  is  dependent  upon  several  factors: 
the  inherent  brightness  contrast,  the  target-to-observer  range,  the 
characteristics  of  the  atmosphere  mediating  the  light  transmitted  to  the 
eye,  and  the  transfer  characteristics  of  any  visual  aids  employed  during 
observation.  In  general,  apparent  brightness  contrast  is  usually  some¬ 
what  less  than  inherent  contrast.  The  reason  for  this  is  that  the  above 
mentioned  factors  tend  to  attenuate  the  inherent  target  contrast  in  field 
situations . 

That  brightness  contrast  is  important  in  field  studies  of  target 
acquisition  is  borne  out  by  several  research  efforts  conducted  under  con¬ 
ditions  of  both  high  and  low  ambient  illumination,  bobbins,  Chu,  and 
27 

Kindick*  found  (in  a  study  of  the  detectability  of  camouflaged  targets 
in  a  Panamanian  semidcciduous  tropical  forest)  that  the  brightness  con¬ 
trast  of  the  OC  107  field  uniform  became  a  relatively  more  important  cue 
to  detection  as  target  distance  was  increased.  Cuttman  and  Webster 
found  that  the  visibility  of  a  30-foot  (nine  meter)  high  antennae  mast 

26n.  Jones,  M.  Freitag,  and  S.  Collyer.  Aii'-to-(h\:u'id  Tiuyct  A^uioition 
t'otovo  Rock:  A  RcvitV  of  the  Li tcvatmv,  Martin-Marietta  Corporation, 
Orlando,  Florida,  1974. 

22P.  Dobbins,  R.  Chu,  and  C.  Kindick.  Swujlc  Vision  Ill:  Soavonol  I'm't’- 
atiorttt  in  Fcvocnr.cl  Detectability  it:  r,  Deni deciduous  Tvoj'ict :l  Fotvvt, 
Research  Report  Mo.  R,  l!S  Army  Tropic  Test  Center,  Panama  Canal  Zone, 
January  1967. 


was  greater  against  a  mountain  (high  contrast  situation)  background  than 

against  a  grass  background  (low  contrast  situation).  In  an  analysis  of 

target  acquisition  performance  for  ground  observers  using  binoculars, 
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Richardson  found  that  apparent  target  background  contrast  signifi¬ 
cantly  affected  acquisition  performance.  Targets  in  this  study  were 
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military  vehicles  and  personnel.  Gee  and  Humphreys  studied  the  detecta¬ 
bility  of  colored  uniforms  ns  a  function  of  their  lightness  or  darkness. 
They  found  the  detectability  of  uniforms  that  were  either  lighter  or 
darker  than  the  background  was  higher  than  the  detectability  of  uniforms 
which  were  about  the  same  lightness  or  darkness  ns  the  background. 

Finally,  Dubulsson  and  Kindick3*  studied  the  detectability  of  moving 
personnel  targets  dressed  in  two  differently-colored  low-contrast  uni¬ 
forms  (green  field  uniform  and  black  pajama-type  uniform)  in  a  Jungle 
environment.  They  found  that  the  detectability  of  these  uniforms  was 
essentially  the  same  for  both  the  wet  and  dry  seasons  in  this  environ¬ 
ment.  All  of  the  above  studies  were  conducted  under  conditions  of  daylight 
illumination. 

2«H.  Cuttman  and  R.  Webster.  "Determining  the  Detectability  Range  of 
Camouflaged  Targets,"  IIutkv:  Factors,  1972,  217-225. 

29 

F.  Richardson,  at. 

30D.  Gee  and  A.  Humphreys.  User  Reviev  of  CiFronfl <.yr  for  the  ItulMdunl 
Soldier  in  the  Field,  US  Army  Engineer  Research  and  Development 
Laboratories,  October  1965. 
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A.  Dubulsson  and  D.  Klndick.  Jurujlo  Vision  VIII :  Visual  Detection  of 
Movitig  Targets  in  a  Seri tvori o  Forest,  Interim  Report,  US  Army  Tropic 
Test  Center,  l'anama  Canal  Zone,  October  1971. 


Similar  results  have  been  found  for  brightness  contrast  under  condi¬ 
tions  of  low  ambient  illumination.  In  a  study  conducted  by  the  Japanese 
Infantry  School, ^2  it  was  found  that  targets  silhouetted  against  the  sky 
were  always  more  detectable  than  those  silhouetted  against  a  dark  back¬ 
ground.  This  was  true  for  both  starlight  and  various  levels  of  moonlight 
illumination.  Observers  in  this  study  used  no  visual  aids.  Sternberg  and 
Banks-*-*  found  a  similar  result  in  a  study  designed  to  evaluate  several 
night  vision  aids.  Targets  in  this  study  were  placed  in  low  contrast  (in 
front  of  a  tree  line)  and  in  high  contrast  (in  an  open  grass  area)  set¬ 
tings.  It  was  found  that  high  contrast  targets  were  more  detectable  than 
low  contrast  targets. 

Finally,  van  Meeteren  and  Zonnevcld-*^  (in  a  laboratory  simulation  of 
a  night  vision  field  problem)  studied  the  effect  of  variations  in  target 
brightness  contrast  on  target  acquisition  performance.  In  this  study 
observers  acquired  targets  under  conditions  of  unaided  and  aided  visual 
observation.  Prior  to  the  experiment  a  landscape  mock-up  was  built  with 
two  roads  which  intersected  in  the  middle  of  the  mock-up.  Scale  models  of 
tank-sized  targets,  truck-sized  targets,  and  small  personnel  and  vehicular- 
sized  targets  were  separately  placed  at  the  intersection  of  the  road  and 
photographed.  In  half  of  the  photographs  the  road  was  composed  of  light 
colored  sand,  while  in  the  other  half  of  the  photographs ,  the  road  was 
composed  of  dark  colored  sand.  For  targets  appearing  against  the  light 

■^"Principles  of  Night  Combat,"  op.  cit. 

J.  Sternberg  and  J.  Banks,  op.  oit. 

■*^A.  van  Meeteren  and  F.  Zonneveld.  Object  Recognition  in  Aided  and 
Unaided  Night  Vision,  Report  IZF  1971-7,  Institute  for  Perception 
RVO/TNO,  Sonesterberg,  The  Netherlands,  1971. 
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colored  road  Intersection,  target  contrast  was  high,  while  for  targets 
appearing  against  the  dark  colored  Intersection,  target  contrast  was  low. 
From  these  photographs,  slides  were  prepared  for  presentation  to  the 
observers  during  the  experiment. 

During  the  experiment  these  slides  were  randomly  presented  to  ob¬ 
servers  on  a  translucent  screen  such  that  the  apparent  viewing  distance 
was  300  meters.  The  observers  viewed  the  slides  either  with  the  naked  eye 
or  with  the  aid  of  a  small  Starlight  Scope.  The  scene  luminance  for  each 
slide  was  controlled  through  neutral  density  filters  placed  on  the  slide 
projector  lens.  For  both  aided  and  unaided  vision,  ambient  illumination 
(luminance  level)  and  target  contrast  interacted.  At  low  levels  of  night 
illumination,  recognition  of  targets  appearing  against  the  light  background 
was  superior  to  recognition  of  targets  appearing  against  the  dark  back¬ 
ground.  However,  under  conditions  of  higher  illumination,  recognition  for 
targets  appearing  against  a  dark  background  was  superior  to  recognition 
for  targets  appearing  against  a  light  background.  Van  Meeteren  and  Zon- 
ncveld  suggested  that  this  result  may  have  occurred  because  at  higher 
illuminations,  contrast  relative  to  other  factors,  e.g.,  internal  detail, 
became  less  Important  In  the  acquisition  process. 

Taken  together,  these  studies  indicate  that  target  brightness  con¬ 
trast  is  an  important  factor  in  target  acquisition  under  conditions  of 
both  daylight  and  night  illumination.  This  appears  to  be  true  for  both 
aided  and  unaided  observation.  Further,  these  studies  indicate  a  direct 
relationship  between  contrast  and  acquisition,  i.e.,  increases  in  contrast 
are  associated  with  increases  in  detectability.  However,  as  the  van 
Meeteren  and  Zonneveld  study  suggests,  as  other  variables  Increase  in 


signif icance,  it  can  be  expected  that  the  contrast-detectability  relation¬ 
ship  may  change. 


Target  range.  Targct-to-obscrver  range  (distance)  is  one  of  the  most 
well-studied  variables  in  the  target  acquisition  literature.  In  general, 
the  finding  has  been:  as  target  range  is  increased  (with  target  size  held 
constant),  acquisition  performance  declines  under  both  low  and  high  levels 
of  ambient  illumination. 

Dobbins  and  his  associates  at  the  US  Army  Tropic  Test  Center  in  the 

_  ,  .  .  35,36,37,38,39,40,41,42 

Panama  Canal  Zone  have  conducted  a  number  of  studies 

which  have  systematically  investigated  the  effect  of  target  range  on 
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D.  Dobbins  and  M.  Cast.  Jungle  Vicion  I:  Effects  of  Distance,  Hori¬ 
zontal  Placement,  arA  Cite  on  Personnel  Detection  in  a  Scmdcciduouc 
Ti'opical  Forest,  US  Army  Tropic  Test  Center,  Panama  Canal  Zone,  April 
1964. 
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D.  Dobbins  and  M.  Cast.  Jungle  Vision  II:  Effects  of  Distance,  Hori¬ 
zontal  Placement  arA  Site  on  Personnel  Detection  in  an  Evergreen  Fain 
Forest,  US  Army  Tropic  Test  Center,  Panama  Canal  Zone,  November  1964. 

3^D.  Dobbins,  M.  Cast,  and  C.  Kindick.  Jungle  Vision  III:  Effects  of 
Seasonal  Variation  on  Personnel  Detection  in  an  Evergreen  Rainforest , 

Research  Report  No.  3,  US  Army  Tropic  Test  Center,  Panama  Canal  Zone, 
May  1965. 

38D.  Dobbins,  M.  Cast,  and-  C.  Kindick.  Jungle  Vision  IV:  An  Exploratory 
Study  on  the  Use  of  Yellow  lenses  to  Aid  Personnel  Detection  in  an 
Evergreen  Rainforest,  Research  Report  No.  4,  US  Army  Tropic  Test 
Center,  Panama  Canal  Zone,  July  1965. 

39D.  Dobbins  and  C.  Kindick.  Jungle  Vicion  U:  Evaluation  of  Three  Titpcs 
of  Lenses  as  Aids  to  Personnel  Detection  in  a  Scrndeciduouc  Ti'opical 
Forest,  Research  Report  No.  5,  US  Army  Tropic  Test  Center,  Panama  Canal 
Zone,  December  1965. 
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D.  Dobbins  and  C.  Kindick.  Jungle  Vicion  VI:  A  Comparison  Between  the 
Detectability  of  Human  Tai'get.c  and  StaruicaA  Visibility  Objects  in  an 
Evergreen  Rainforest,  Research  Report  No.  6,  US  Army  Tropic  Test  Center, 
Panama  Canal  Zone,  February  1966. 
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acquisition  performance  for  personnel  targets  appearing  in  tropical  en¬ 
vironments  in  daylight  illumination.  In  all  of  these  studies,  as  the 
target-to-observer  range  increased,  the  measure  of  acquisition  performance 
shoved  progressive  decrements.  This  was  true  for  both  aided  (glasses 
with  colored  lenses)  and  unaided  vision.  However,  the  nature  of  this 
relationship  was  found  to  depend  on  the  type  of  tropical  forest  in  which 
acquisition  occurred.  In  both  the  semideciduous-dry  and  the  seroideciduous- 
wet  forests,  a  normal  ogive  function  (e.g.,  see  Figure  1)  was  found  to 
best  describe  the  relationship  between  the  acquisition  response  and  the 
target-to-observer  range.  On  the  other  hand,  in  the  evergreen-dry  and 

the  evergreen-wet  forests,  a  linear  function  was  found  to  best  describe 
•  43 

this  relationship.  This  later  finding  is  somewhat  unusual  since  in 

most  acquisition  research  the  normal  ogive  function  is  found  to  describe 

the  relationship  between  the  acquisition  response  and  target-to-observer 

range.  In  the  present  case,  it  is  likely  that  the  linear  relationship 

was  caused  by  too  few  long  ranges  and  too  few  short  ranges. 
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Maxey  and  Cavlness  found  that  under  daylight  conditions  unaided 
target  acquisition  performance  for  personnel  targets  declined  as  target- 
to-observer  range  was  increased  to  100,  200,  and  300  meters.  Nearer 
targets  were  detected  sooner  than  distant  targets.  Also,  more  of  the 
nearer  targets  were  detected  than  the  distant  targets.  However,  the 
absolute  effect  of  distance  depended  upon  the  type  of  terrain  in  which 
targets  appeared.  In  low-  and  mid-complexity  terrains,  the  effect  of 

Dobbins,  R.  Chu,  and  C.  Kindick,  op.  cit. 

^J.  Maxey  and  J.  Caviness.  Target  Detection  in  the  Field,  HumRRO  Profes¬ 
sional  Paper  11-72,  Human  Resources  Research  Organization,  Alexandria, 
Virginia,  May  1972. 
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range  was  not  as  great  as  it  was  for  higli-complexity  terrains.  Terrain 
complexity  in  this  study  reflected  the  relative  amounts  and  kinds  of 
vegetation  that  existed  in  the  terrains  studied.  The  relationship 
between  complexity  and  vegetation  was  direct,  i.e.,  the  more  and  varied 
the  vegetation,  the  more  complex  the  terrain  was  considered  to  be. 

Hoffman46  studied  the  detectability  of  a  Bundeevehr  jeep  located  at 
varying  target-to-observer  ranges  by  observers  with  and  without  visual 
aids  under  conditions  of  daylight  illumination.  For  both  modes  of 
observation,  the  percentage  of  detections  decreased  with  distance. 
However,  it  was  found  that  with  the  visual  aids  (supported  binoculars) 
detectability  was  greater  at  all  ranges  than  without  the  aids. 

Richardson47  (in  an  analysis  of  the  acquisition  data  collected  for 
military  vehicular  and  personnel  targets  under  daylight  illumination 
conditions  for  observers  using  binoculars)  found  that  target-to-observer 
range  significantly  contributed  to  the  prediction  of  acquisition  perfor¬ 
mance.  Stollmack  and  Brown48  also  found  that  target-to-observer  range 
significantly  contributed  to  the  prediction  of  acquisition  performance 
of  ground  observers  for  tank  targets  appearing  in  an  open  field  area 
during  daylight. 

46H.  Hoffman.  The  Maximan  Detection  Range  and  Discovery  of  Land 
Vehicles,  Deutsche  Forschungsanstalt  fur  Luft-  und  Raumfahrt, 

Institut  fur  Flugfuhrung,  DFL  0475,  April  1968. 

47F.  Richardson,  op.  ci* 

48S.  Stollmack  and  P.  Brown.  "Detection  Time  Analysis,  in  D.  Howland 
and  G.  Clark  (eds.),  The  Tank  Weapon  System,  Report  RF-573,  Ohio  State 
University  Systems  Research  Group,  Columbus,  1966. 


-  55  - 


Field  studios  conducted  under  conditions  of  low  ambient  illumination 


also  find  that  target-to-observer  range  is  an  important  factor  in  the 
acquisition  process.  For  example,  Humphreys  and  Gec^  found  for  unaided 
observation  that  under  full  moonlight  conditions  the  detection  of  stand¬ 
ing  and  walking  camouflaged  personnel  targets  varied  inversely  with  range 
to  the  targets.  Taylor^  found  that  for  both  full-moon  and  no-moon 
illumination,  acquisition  of  personnel  targets  became  progressively 
worse  as  target- to-observer  range  increased.  Finally,  a  scries  of 
studies  conducted  by  Sternberg  and  his  associates  at  the  lluntcr-Liggct 
Military  Re8ervation^,-’^,‘’^  also  demonstrated  the  detrimental  effect  of 
increased  target-to-observer  range  on  acquisition  performance.  In  these 
studies,  the  effect  was  demonstrated  under  vnrious  low  ambient  illumi¬ 
nation  conditions  for  observers  with  and  without  optical  and  electro- 
optical  visual  aids. 


^A.  Humphreys  and  D.  Gee.  "Experimental  Design  for  User  Review  of 
Camouflage  for  the  Individual  Combat  Soldier,"  in  Atwj  Hunan  Fact  ore 
Engineering  Conference,  Eighth  Annual,  Army  Research  Office,  Office  of 
Chief  of  Research  and  Development,  Department  of  the  Army,  November 
1962. 

■*®J.  Taylor,  op.  cit. 

Sternberg  and  J.  Banks,  op.  cit. 

^J.  Farrell,  J.  Banks,  and  J.  Sternberg.  Scal'd:  Effectiveness  uith  the 
Starlight  Scope  and  7x50  Binoculcav,  Technical  Research  Report  1164, 
Behavior  and  Systems  Research  Laboratory,  01  fire  of  the  Chief  of 
Research  and  Development,  Arlington,  Virginia,  .lune  1970. 
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These  studies  all  show  the  importance  of  target-to-observer  range  in 
the  acquisition  procesi.  In  general,  the  relationship  between  acquisi¬ 
tion  performance  and  the  range  variable  is  an  inverse  function.  That  is, 
at  near  ranges  acquisition  performance  is  superior  to  the  performance 
obtained  at  far  ranges.  This  relationship  is  reflected  in  the  usual 
finding  that  the  cumulative  probability  of  response  is  related  to  target- 
to-observer  range  by  the  normal  ogive  function.  However,  as  these  studies 
show,  response  will  often  depend  on  other  variables  operating  during  the 
acquisition  process,  e.g.,  complexity  of  the  terrain,  the  type  of  vege¬ 
tation,  mode  of  observation,  etc.  Thus,  while  the  general  effect  of  the 
range  variable  on  the  acquisition  process  can  be  specified,  the  exact 
relationship  that  will  be  obtained  under  a  given  set  of  circumstances 
will  depend  on  the  extent  to  which  these  circumstances  interact  with 
the  range  variable. 

Target  exposure.  Target  exposure  refers  to  the  length  of  time  that 
a  target  is  available  for  acquisition  by  an  observer.  The  effect  of  this 
variable  on  the  detection  process  has  been  studied  extensively  in  the 
laboratory.  This  is  because  under  field  conditions  it  is  extremely  dif¬ 
ficult  to  control  exact  exposure  times,  except  when  expensive  and  complex 
instrumented  ranges  are  available.  However,  the  findings  from  the  few 
field  studies  that  have  been  conducted  correspond  to  the  findings  from 
laboratory  studies:  as  exposure  time  is  increased,  acquisition  perfor¬ 
mance  improves.  Further,  most  of  this  research  has  been  oriented  toward 
the  study  of  briefly  appearing  targets.  This  is  particularly  important 
for  this  review,  since  most  combat  targets  are  available  for  detection 
for  only  short  periods  of  time,  e.g.,  seconds. 
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One  example  of  Che  effect  of  variations  In  target  duration  on  the 

detection  process  Is  provided  in  a  survey  of  visual  detection  research 
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conducted  by  Blackwell  and  Taylor.  In  this  research  observers  viewed 

circular  targets  of  constant  luminance  which  varied  in  size  from  .5 

minutes  of  arc  to  60  minutes  of  arc.  These  targets  were  presented  against 

—6  3 

a  background  whose  luminance  varied  from  10  to  10  foot-lamberts .  Tar¬ 
get  exposure  for  each  combination  of  target  size  and  background  luminance 
was  varied  from  1  millisecond  through  3  milliseconds,  10  milliseconds,  30 
milliseconds,  100  milliseconds,  200  milliseconds,  330  milliseconds,  to  1 
second.  For  each  target  exposure  time,  threshold  functions  relating  the 
50  percent  contrast  threshold  to  each  value  of  target  size  and  background 
luminance  were,  derived .  Comparison  of  these  functions  across  target 
exposure  times  indicated  that  as  exposure  time  was  increased,  the  50  per¬ 
cent  contrast  threshold  showed  corresponding  decrements.  That  is,  ns 
exposure  time  was  Increased,  detection  performance  improved. 

Similar  results  have  been  obtained  in  other  laboratory  studies. 

Synd  r  and  Creening5^  (in  a  study  of  dynamic  visual  acuity)  found  that  as 
exposure  time  was  Increased  over  values  of  33  milliseconds,  67  milli¬ 
seconds,  and  100  milliseconds,  the  ability  of  observers  to  discriminate 
detail  in  moving  targets  increased.  Similarly,  Crawford"^  also  studied 
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H.  Blackwell  and  J.  Taylor,  op.  cit. 

H.  Synder  and  C.  Greening.  The  Effect  of  Direction  and  Velocity  of 
Relative  Motion  Upon  Dynamic  Vieual  Acuity ,  C5-447/3111,  Autonetlcs 
Division,  North  American  Aviation,  Inc.,  Anaheim,  California,  January 
1965. 

56W.  Crawford.  The  Perception  of  Moving  Objects.  I:  Ability  and  Visual 
Acuity,  FPRC/Memo  150a,  Flying  Personnel  Research  Committee,  July  1960. 
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dynamic  visual  acuity  and  found,  for  a  constant  velocity  target,  that  as 
exposure  time  was  increased  through  values  of  400,  500,  600,  and  700  milli¬ 
seconds,  acuity  thresholds  decreased. 

Other  laboratory  research  indicates  that  the  effect  of  target  ex¬ 
posure  on  the  detection  process  is  dependent  on  the  intensity  of  the  target 
(its  brightness  or  luminosity)  at  the  time  of  detection.  For  example, 

Clark  (as  reported  in  Dember"^)  studied  the  detectability  of  a  circular 
target,  subtending  18  minutes  of  arc,  presented  in  the  central  fovea  of 
the  eye.  Target  exposure  time  was  varied  from  approximately  1  millisecond 
to  1  second.  The  luminance  of  the  target  background  was  held  constant  at 
10  foot-lamberts .  For  durations  up  to  20  milliseconds,  the  Bunsen- Roscoe 

CO 

Law  was  found  to  adequately  predict  the  brightness  threshold  required 
for  detection.  However,  for  durations  between  20  milliseconds  and  80  mil¬ 
liseconds,  the  contribution  of  time  to  the  relationship  flattened  to  a 
straight  line.  Finally,  for  values  from  170  milliseconds  to  about  1 
second,  the  relationship  specified  by  the  law  again  became  valid.  Simi¬ 
lar  results  were  obtained  when  the  target  background  luminance  was  reduced 
to  zero.  In  this  case,  the  reciprocity  between  time  and  intensity  extended 
up  to  about  100  milliseconds. 

57W.  Dember.  The  Psychology  of  Perception,  New  York:  Holt,  Rinehart, 
and  Winston,  1965. 
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The  Bunsen-Roscoe  Law  states  that  for  a  specified  exposure  time  (t), 
the  amount  of  energy  (&)  required  to  elicit  a  response  is  given  by  the 
product  of  the  target  intensity  (I)  and  the  exposure  time,  i.e., 

Jxt  =  K. 
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Bishop  studied  the  effect  of  target  duration  on  the  detection  process 
as  a  function  of  target  brightness . ^  He  Investigated  the  relative  target 
brightness  required  for  the  detection  and  identification  of  various  forms 
as  a  function  of  target  duration.  Targets  in  this  study  were  presented 
over  a  range  of  time  varying  from  32  milliseconds  to  4  seconds.  From  the 
observer's  point  of  view,  the  targets  were  slightly  greenish-white  in 
color  and  subtended  a  visual  angle  of  approximately  1.25  degrees.  They 
were  presented  against  a  greenish-white  background  which  was  illuminated 
to  a  low  photopic  level  of  1.5  x  10"^  lumens.  Target  brightness  was  varied 
over  a  range  of  values  from  1.5  x  10“-*  lumens  to  100  x  10“-*  lumens.  Tar¬ 
gets  were  projected  on  a  rear  projection  screen  via  a  slide  projector. 
Overall,  the  conditions  of  the  experiment  were  judged  to  approximate  the 
visual  requirements  for  the  observation  of  a  distantly  located  tank- 
sized  target  through  a  Starlight  Scope  with  low  ambient  illumination. 

It  was  found  that  the  target  brightness  required  for  criterion  detec¬ 
tion  and  identification  performance  decreased  as  the  target  exposure  time 
was  increased  from  32  milliseconds  up  to  values  from  100  milliseconds  to 
170  milliseconds.  This  reciprocity  between  target  intensity  and  target 
duration  appeared  to  follow  the  Bunsen-Roscoc  Law.  However,  for  exposure 
times  greater  than  those  in  the  range  from  100  milliseconds  to  170  milli¬ 
seconds,  the  target  brightness  required  for  criterion  performance  remained 
relatively  constant.  Further,  the  value  of  target  brightness  required  for 
criterion  performance  in  this  latter  range  of  exposure  times  (170  milli¬ 
on  .  Bishop.  Effects  of  Inf  aviation  Load,  Location,  and  t'ode  of  Obsci'- 
vation  on  Detecting  and  Identifying  Hvief  Targets,  llumRRO  Technical 
Report  72-30,  Human  Resources  Research  Organization,  Alexandria, 

Virginia,  October  1972. 
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seconds  to  4  seconds)  was  significantly  lower  than  the  target  brightness 
values  associated  with  the  exposure  times  in  the  range  from  32  milli¬ 
seconds  to  170  milliseconds. 

These  findings  taken  together  with  Clark's  previously  discussed 
result >  indicate  that  the  acquisition  of  relatively  short  duration  targets 
(those  presented  for  less  than  one  second)  is  highly  dependent  on  the  tar¬ 
get  brightness  at  the  time  of  detection.  In  particular,  these  results 
Indicate  that  the  target  brightness  required  for  the  acquisition  of  such 
targets  is  specified  by  the  Bunsen-Roscoe  Law.  However,  for  targets  with 
exposure  times  in  excess  of  one  second,  all  the  results  indicate  that  the 
target  brightness  required  for  acquisition  is  relatively  independent  of 
exposure  time.  'These  levels  of  target  brightness  are  substantially  lower 
than  that  required  for  targets  appearing  for  less  thnn  one  second.  The 
impact  of  these  results  for  target  acquisition  in  the  field  are  clear. 
Unless  the  target  brightness  of  a  short  duration  target  meets  or  exceeds 
the  value  required  by  the  Bunsen-Roscoe  Law,  the  probability  of  detection 
will  be  quite  small.  However,  for  targets  which  are  exposed  for  durations 
in  excess  of  one  second,  this  limitation  does  not  apply.  In  these  cases, 
it  may  be  expected  that  acquisition  will  be  possible  for  much  lower  target 
brightness  values.  The  exact  brightness  value  required  for  detection  with 
targets  exposed  longer  thnn  one  second  will  be  a  function  of  other  situ¬ 
ational  factors  such  as  target  motion,  target  size,  or  background 
illumination . 

The  only  field  studies  that  could  be  identified  which  have  investi¬ 
gated  the  effects  of  duration  on  target  acquisition  were  completed  under 
conditions  of  low  ambient  illumination.  The  findings  of  these  studies. 


-  hi  - 


however,  agree  with  those  of  laboratory  studies:  as  exposure  tine  is 
incrcatcd,  acquisition  performance  is  improved.  For  example,  Farrell, 
Banks,  and  Sternberg**®  found  for  target  exposures  of  10,  20,  30,  and  90 
seconds  that  the  percent  targets  detected  with  a  Starlight  Scope  in¬ 
creased  with  increased  exposure  time.  Further,  this  improvement  occurred 
for  targets  at  near  (50  to  100  meters),  mid  (101  to  200  meters),  and  far 
ranges  (201  to  300  meters).  However,  the  improvement  as  a  function  of 
increased  exposure  time  was  larger  for  far  targets  than  it  was  for  near 
targets. 

Banks  and  his  associates*’*  (during  an  investigation  of  the  effects  of 
search  area  size  on  acquisition  performance)  also  studied  the  effects  of 
target  duration" on  the  acquisition  process.  In  this  study  observers 
acquired  targets  using  night  vision  aids  under  starlight  and  full-moon 
illumination  conditions.  It  was  found  that  the  cumulative  number  of  tar¬ 
gets  detected  over  successive  15-second  blocks  of  time  increased  in  a 
reliable  fashion  over  the  time  period  allotted  for  search  (two  minutes). 

In  the  first  few  seconds  of  search,  only  small  percentages  of  the  targets 
were  detected.  However,  by  the  last  few  seconds  of  search,  most  targets 

62 

had  been  detected.  Similar  results  were  obtained  by  Sternberg  and  Banks 
during  an  evaluation  of  several  passive  night  vision  devices  conducted 
under  starlight,  half-moon,  and  full-moon  illumination  conditions.  Further 
in  both  of  these  studies,  increases  in  the  level  of  illumination  improved 
the  percent  targets  detected  in  each  block  of  time,  i.e.,  more  targets 
were  detected  earlier. 

^®J.  Farrell,  J.  Banks,  and  J.  Sternberg,  op.  oit. 

^*.J.  Banks,  e_t  _al. ,  op.  ait. 
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These  studies  thus  point  out  a  direct  relationship  between  target  ex¬ 
posure  time  and  acquisition  performance.  That  is,  increases  in  target 
exposure  time  are  associated  with  improvements  in  acquisition  performance. 
Therefore,  in  a  given  acquisition  situation,  it  can  be  expected  that  ac¬ 
quisition  performance  will  be  facilitated  as  exposure  time  is  increased, 
particularly  in  those  situations  where  other  conditions  are  relatively 
impoverished.  However,  as  several  of  the  studies  reviewed  in  this  sec¬ 
tion  indicated,  there  is  considerable  variation  in  the  exact  manner  in 
which  exposure  time  affects  acquisition  performance  due  to  the  effect  of 
other  variables.  For  example,  the  acquisition  of  short  duration  targets 
is  improved  if  target  brightness  is  increased.  On  the  other  hand,  if  the 
level  of  ambient  illumination  is  reduced,  target  duration  must  be  in¬ 
creased  substantially  for  a  marked  improvement  in  acquisition  performance. 

Target  motion.  The  effect  of  target  motion  on  acquisition  perfor¬ 
mance  has  been  well  studied  in  field  investigations.  Generally,  the  study 
of  this  variable  has  focused  on  (a)  the  effect  of  the  presense  Versus  the 
absence  of  target  movement,  and  (b)  the  effect  of  target  speed  on  the 
acquisition  process. 

In  general,  it  has  been  found  that  target  movement  facilitates  target 
detection.  Anstey  measured  the  horizontal  distance  over  which  &  camou¬ 
flaged  target  could  be  seen  in  a  tropical  forest.  Two  methods  of 
observation  were  employed:  (a)  targets  moved  away  from  a  stationary 
observer  until  the  observer  could  no  longer  see  the  targets,  and  (b)  targets 
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R.  Anstey.  Visibility  in  a  Tropical  Forest ,  Special  Report  S-3,  Earth 
Sciences  Division,  US  Army  Natick  Laboratories,  Natick,  Massachusetts, 
August  1963. 
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were  propositioned  and  motionless  in  random  locations.  In  the  latter 
method  of  observation,  observers  could  move  while  they  searched  for  tar¬ 
gets.  It  was  found  that  targets  moving  away  from  the  observer  were  seen 
at  significantly  further  distances  than  prepositioned  targets.  Similar 

results  were  found  by  Mattimore  and  Wollanston  for  targets  in  a  mid- 
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latitude  forest  in  Sudberry,  Massachusetts.  Finally,  in  a  study  of  the 
detection  of  moving  targets  in  a  tropical  forest,  Dobbins  and  Kindick6^ 
reported  that  observers  indicated  the  detection  of  target  movement  first 
directed  them  to  the  target,  l.e.,  the  target  motion  was  the  primary  cue 
for  the  detection  of  these  targets. 

The  above  studies  were  conducted  under  conditions  of  daylight  illumi¬ 
nation.  Studies  conducted  under  conditions  of  night  illumination  have 
also  found  that  moving  targets  are  more  easily  acquired  than  stationary 
targets.  For  example,  in  a  study  conducted  by  the  Japanese  Infantry 
School, ^  it  was  reported  that  stationary  targets  were  less  detectable 
than  moving  targets.  In  this  study,  both  single  personnel  targets  and 
patrol-sized  targets  wera-  detected  at  further  distances  when  they  were 
moving  than  when  they  were  stationary  • 

However,  in  a  study  conducted  at  Fort  Benning  under  conditions  of 
full-moon  illumination,  Humphreys  and  Cee^  found  that  the  detection  rate 
for  walking  targets  was  lower  than  for  standing,  motionless  targets.  In 
this  investigation  the  observers  were  seated  about  60  feet  [18  meters] 

Anstey,  op.  cit .,  November  1964. 

®-*D.  Dobbins  and  C.  Kindick,  op.  ait. 

^"Principles  of  Night  Combat,"  op.  cit. 

^ A.  Humphreys  and  P.  Cee,  op.  cit. 
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above  a  very  large,  open  grass-covered  field.  Targets  (military  personnel 
dressed  in  camouflage  uniforms)  were  presented  in  this  open  field  at  vary¬ 
ing  distances  (100  to  250  meters)  in  front  of  each  observer.  Observers 
were  given  two  minutes  in  which  to  detect  targets.  During  this  observa¬ 
tion  period  the  targets  either  remained  in  place  or  moved  around  in  the 
general  area  of  the  position  that  they  held  at  the  beginning  of  the  obser¬ 
vation  period.  Thus,  the  viewing  conditions  provided  observers  in  this 
study  were  relatively  favorable  for  nighttime  target  acquisition.  How¬ 
ever,  as  indicated  above,  the  walking  targets  were  detected  at  sub¬ 
stantially  lower  rates  than  the  stationary  targets.  While  the  basis  for 
this  paradoxical  finding  is  not  clear,  it  does  suggest  that  under  some 
conditions  target  motion  will  not  necessarily  facilitate  the  acquisition 
process . 

6ft 

Banks  and  his  associates  found  that  under  conditions  of  low  illumi¬ 
nation  and  a  large  search  area,  the  detection  rate  for  stationary  and 
moving  targets  did  not  appreciably  differ.  However,  for  small  search 
areas,  moving  targets  were  detected  at  a  higher  rate  than  stationary  tar¬ 
gets.  Acquisition  in  this  study  was  mediated  by  several  passive  night 
vision  devices. 

Taken  together,  these  two  studies  suggest  that  the  effect  of  target 
motion  under  conditions  of  low  illumination  may  be  moderated  by  the  size 
of  the  area  that  must  be  searched.  However,  the  overall  pattern  of  results 
from  these  field  studios  suggest  that  target  motion  can,  under  the  proper 
conditions,  facilitate  the  acquisition  of  targets  by  ground  observers. 

68  • 

J.  Banks,  £t  £l . ,  op.  ezt. 
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The  question  addressed  by  the  studies  reviewed  above  concerned  only 
the  effects  of  notion,  per  ee ,  on  the  acquisition  process.  An  ancillary 
question  in  this  regard  involves  the  rate  at  which  this  notion  occurs. 

In  particular,  it  is  important  to  determine  to  what  extent  variations  in 
target  speed  affect  the  acquisition  process.  Only  two  studies  conducted 
under  field  conditions  have  addressed  this  question.  Overall,  it  was 
found  that  as  speed  was  increased,  acquisition  performance  increased. 
Stollmack  and  Brown^  found  that  the  crossing  velocity  of  tank  targets  was 
directly  related  to  detection  rate  and  inversely  related  to  detection  time. 
Maxey  and  Caviness^  reported  a  similar  finding  for  personnel  targets 
appearing  in  three  types  of  terrain  (low,  medium,  and  high  complexity) 
moving  at  a  walk,  slow  run,  and  a  fast  run.  However,  they  found  that  tar¬ 
get  speed  interacted  with  terrain  complexity  in  the  following  way:  For 
targets  appearing  in  the  highly  complex  terrain,  increases  in  target  speed 
brought  about  significant  reductions  in  the  time  required  for  acquisition; 
while  for  targets  appearing  in  the  low  complexity  terrain,  increases  in 
target  speed  brought  about  only  slight  reductions  in  the  time  required  for 
acquisition.  The  results  for  the  medium  complexity  terrain  fell  in  between 
those  for  the  high  and  low  complexity  terrains. 

These  studies  thus  show,  in  general,  that  both  the  presence  of  motion 
and  the  rate  at  which  this  motion  occurs  act  to  facilitate  the  accomplish¬ 
ment  of  the  acquisition  task.  They  also  demonstrate  that  (as  was  found  to 
be  true  with  other  variables  reviewed  in  this  section  of  the  report)  the 

69S.  Stollmack  and  P.  Brown,  op.  ait. 

70j.  Maxey  and  J.  Caviness,  op.  cit. 
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particular  effect  of  target  motion  on  acquisition  may  be  moderated  by  the 
operation  of  other  variables  in  the  acquisition  situation. 

Environmental  Character! sties 

The  previous  sections  of  this  review  have  addressed  the  effects  of 
selected  target  characteristics  on  the  acquisition  process.  However, 
targets  always  appear  in  the  context  of  an  environment.  As  a  consequence, 
it  may  be  expected  that  certain  of  the  characteristics  which  define  a 
particular  environment  wi?*  likely  affect  the  acquisition  of  targets. 

Among  these  characteristics  arc:  clarity  of  the  atmosphere,  level  of 
ambient  illumination,  terrain,  presence  and  types  of  vegetation  in  the 
environment,  target  location,  position  of  the  llluminnnt,  and  ambient 
temperature.  It  is  the  purpose  of  this  section  of  the  review  to  discuso 
the  effects  of  these  characteristics  on  the  acquisition  process. 

The  atmosphere.  The  atmosphere,  which  is  normally  thought  of  as 
"air,"  is  a  colloidal  suspension  of  particles  in  a  mixture  of  gases 
(oxygen,  nitrogen,  carbon  dioxide,  hydrogen,  and  a  variety  of  inert  gases), 
including  water  vapor.  The  nature  of  the  particles  in  suspension  varies 
according  to  time,  location,  and  altitude.  It  has  been  shown  that  pure, 
dry  air  is  an  almost  perfect  medium  for  the  transmission  of  optical  images 
in  the  visible  light  spectrum.  In  particular,  the  visibility  in  such  an 
atmosphere  is  somewhat  more  than  200  miles. ^  lloweve’ ,  such  a  pure  medium 
never  exir  s  in  the  natural  world.  Thus,  optical  transmission  through  the 
atmosphere  is  limited  by  the  presence  of  particles  of  matter  in  the  atmosphere. 

7*J.  Wulfeck,  et  ah  l' in  ion  in  Militaiy  Aviation,  WAPC  Technical  Report 
58-399,  Wright  Air  Development  Center,  PS  Air  Force,  Wright-l’atterson 
AF8,  Ohio,  November  1958. 
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The  particles  of  matter  that  act  to  effect  the  transmission  of  light 
through  the  atmosphere  are  water  (in  its  various  forms),  smoke,  dust,  and 
Industrial  pollutants.  Typically,  particles  of  matter  concentrate  in 
patches  or  layers  in  the  air.  When  these  concentrations  are  dense  they 
are  labeled  (depending  on  t lie  composition)  as  haze,  clouds,  or  fog. 

One  consequence  of  the  presence  of  these  particles  of  matter  in  the 
atmosphere  is  that  light  reflected  from  an  object  is  attenuated.  Light 
from  other  sources  is  also  added  to  light  reflected  from  an  object.  Tills 
is  because  the  atmosphere  tends  to  scatter  and  absorb  reflected  light  and, 
in  addition,  it  tends  to  scatter  daylight  illumination  along  observer 
lines-of-sight.  TVo  examples  can  illustrate  these  processes. 

Assume  two  personnel  targets,  both  wearing  light  colored  uniforms, 
are  viewed  against  a  bright  homogeneous  sky  background  such  that  one  is 
seen  at  a  near  point  while  the  other  is  viewed  at  a  far  point.  If  there 
is  a  slight  haze,  the  distant  target  will  appear  to  be  only  slightly 
brighter  than  the  sky  background.  Since  the  apparent  background  is  the 
same  for  both  targets,  some  of  the  light  from  the  distant  target  must  have 
been  list  or  attenuated  in  passing  through  the  atmosphere. 

Now  assume  that  the  two  targets  have  exchanged  their  light  colored 
uniforms  for  dark  colored  uniforms  and  have  returned  to  their  respective 
positions.  The  near  target  will  now  appear  darker  than  its  background, 
but  the  far  target  will  appear  only  slightly  darker  titan  its  background. 
This  results  implies  that  light  from  the  atmosphere  was  scattered  toward 
the  observer. 

Thus,  it  can  be  seen  that  the  atmosphere  acts  in  two  ways  to  reduce 
the  contrast  of  targets  viewed  at  u  distance.  In  tact,  research  conducted 
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bv  the  Tiffany  Foundation'  found  that  this  reduction  occurs  exponen¬ 
tially  as  a  function  of  target  range  and  the  particular  transmittance 
properties  of  the  atmosphere  in  the  region  in  which  the  acquisition  task 
is  being  conducted.  Further,  these  studies  showed  that  the  reduction  in 
apparent  contrast  by  the  atmosphere  was  dependent  upon  the  condition  of 
the  atmosphere  as  discussed  above.  For  example,  the  reduction  in  con¬ 
trast  was  less  at  all  ranges  for  a  clear  day  with  a  light  smoke  than  for 
a  hazy  day  on  which  cloud  coverage  was  70  percent  (as  estimated  by  the 
experimenter) . 

Thus,  it  is  clear  that  the  manner  in  which  the  atmosphere  transmits 
light  reflected  from  a  target  can  affect  the  detectability  of  the  target 
by  attenuating,  the  contrast  of  the  target  with  its  background.  However, 
it  is  not  clear  to  what  extent  this  property  of  the  atmosphere  is  impor¬ 
tant  for  the  acquisition  of  ground  targets  in  field  situations.  This  is 
because  studies  of  the  effects  of  the  presence  of  dust,  fog,  haze,  rain, 
smoke,  and  snow  on  the  visibility  of  military  targets  are  virtually  non¬ 
existent.  During  the  course  of  the  review  of  the  literature,  only  two 
studies  were  discovered  which  addressed  the  effects  of  the  atmosphere  on 
the  acquisition  of  military  targets. 

During  a  service  test  of  the  night  vision  sight,  crew-served  weapons, 
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AN/TVS-5  (second  generation),  ten  observers  attempted  to  observe  sta¬ 
tionary  personnel  and  vehicular  targets  under  conditions  of  fog  at 

^J.  Conant,  £t  aK  Visibility  Studies  and  Sets e  Applications  in  the  Field 
of  Camouflage ,  Summary  Technical  Report,  Division  16,  National  Defense 
Research  Committee,  Washington,  D.C.,  1946. 

^L.  Walton.  Service  Test  of  Night  Vision  Sight,  Ct'cu-Scrvcd  Wcaj'ons,  AN/ 
TVS-S  (Secortd  Generation),  AIB  73-561,  Partial  Report,  US  Army  Infantry 
Board,  Fort  Benning,  Georgia,  February  1973. 
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several  targct-to-observer  ranges.  It  was  not  clear  what  condition  of 
ambient  light  was  employed  in  this  phase  of  the  service  test.  However, 
no  targets  were  detected  by  any  observers. 

Hoffman^  (in  a  study  of  the  acquisition  of  a  Pundcewehv  jeep  under 
various  conditions  of  illumination  using  both  aided  and  unaided  observa¬ 
tion)  investigated  the  effects  of  horizontal  standard  visibility  (a 
measure  of  atmospheric  clarity)  on  acquisition  performance.  For  daylight 
illumination  and  unaided  observation,  he  found  that  the  maximum  distance 
at  which  the  jeep  could  be  detected  was  relatively  constant  (between  1000 
and  2000  meters)  for  measure-*  meteorological  visibility  distances  in  the 
range  from  8  tc  56  kilometers.  However,  for  daylight  illumination  condi¬ 
tions  and  aided*  observation  (15x60  field  glasses),  the  maximum  distance  at 
which  the  jeep  could  be  detected  increased  as  the  measured  meteorological 
visibility  increased  from  8  kilometers  (in  8-kilometcr  increments)  to  56 
kilometers.  At  the  lower  meteorological  visibility  ranges,  the  differ¬ 
ences  between  the  maximum  detection  distance  for  the  Jeep  were  small  for 
unaided  versus  aided  observation.  However,  at  the  higher  meteorological 
visibility  ranges,  the  differences  in  the  maximum  detection  range  became 
greater  with  aided  acquisition  being  superior. 

For  twilight  illumination  conditions,  the  results  for  the  acquisition 
of  the  jeep  by  observers  were  somewhat  different.  As  the  atmospheric  visi¬ 
bility  increased,  the  maximum  distance  at  which  the  jeep  was  detected 
increased  for  both  aided  and  unaided  vision.  Further,  aided  vision  was 
always  superior  to  unaided  vision  at  each  level  of  atmospheric  visibility. 
However,  ns  the  level  of  ambient  illumination  decreased,  the  effect  of 
variations  in  atmospheric  clarity  diminished. 

^H.  Hoffman,  op.  oit. 
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These  two  field  studies  show  that  the  condition  of  the  atmosphere 
clearly  is  important  for  the  acquisition  of  military  targets  for  both  day 
and  night  acquisition.  In  addition,  the  lack  of  studies  in  this  problem 
area  clearly  points  to  the  need  for  research  into  the  effects  of  smoke, 
rain,  snow,  and  other  atmospheric  conditions  on  the  acquisition  of  mili¬ 
tary  targets. 

II lumlnation.  As  discussed  in  a  previous  section  of  this  review, 
the  receptors  of  the  eye  are  sensitive  to  energy  in  the  electromagnetic 
spectrum  from  about  380  to  760  nanometers  in  wavelength.  Further,  it  was 
pointed  out  that  the  eye  is  differentially  sensitive  to  different  levels 
of  ambient  Illumination  at  each  of  these  wavelengths  due  to  the  existence 
of  two  different  kinds  of  receptor  organs  in  the  retina  of  the  eye.  One 
set  of  receptors  (the  cones)  mediates  photopic  of  "daylight"  vision, 
while  the  other  set  (the  rods)  mediates  scotopic  or  "night"  vision.  The 
conditions  for  photopic  vision  occur  when  the  luminance  of  an  object, 
i.e.,  the  intensity  of  the  reflected  light,  is  approximately  10  milli- 
lamberts  and  above.  The  conditions  for  scotopic  vision  occur  when  the 
luminance  of  an  object  is  approximately  10~*  millilamberts  and  below. 

For  luminance  levels  between  10”*  and  10  millilamberts,  both  the  rods 
and  cones  are  operative  and  vision  is  said  to  be  mixed  (mesopic) . ^ 

An  additional  factor  to  be  considered  with  respect  to  the  effect  of 
light  on  the  eye  is  the  state  of  adaptation  of  the  eye  with  respect  to 
the  intensity  of  the  light.  At  any  given  moment  the  eye  is  either  light 

^L.  Riggs.  "Light  as  a  Stimulus  for  Vision,"  in  C.  Graham  (ed.), 

Vicion  and  Vieual  Perception ,  New  York:  John  Wiley,  1965. 
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or  dark  adapted  or  Is  In  the  process  of  adaptation.  Adaptation  refers  to 
the  fact  that,  under  stimulation  by  light,  the  retina  progressively  loses 
Its  sensitivity  to  light,  while  In  the  absence  of  light  the  retina  re¬ 
gains  Its  sensitivity.^  Under  normal  conditions  of  illumination, 
thresholds  for  the  detection  of  light  arc  much  higher  than  for  lower 
levels  of  illumination.  If  the  eye  is  kept  in  darkness  for  progressively 
longer  periods  of  time,  the  threshold  for  light  detection  drops.  If  this 
process  Is  continued  for  approximately  30  minutes,  the  eye  become  maxi¬ 
mally  responsive  to  light,  i.c.,  light  detection  thresholds  reach  a 
minimum  level.  This  adaptation  occurs  first  for  the  cones  and  then  for 
the  rods  in  the.  retina  of  the  eye.  The  impact  of  thiB  phenomenon  for 
target  acquisition  is  that  the  observer's  eye  must  be  adapted  to  the  il¬ 
lumination  conditions  of  the  acquisition  taBk  before  reliable  acquisition 
performance  can  be  measured. 

The  level  of  ambient  illumination  in  a  given  geographical  area,  i.e., 
the  amount  of  light  incident  on  this  area,  is  dependent,  for  the  most  part 
on  the  time  of  day  and  the  extent  to  which  incident  light  is  attenuated 
by  cloud  cover  or  other  meteorological  phonomenac.  Table  1  presents 
approximate  levels  of  ambient  sky  illumination  measured  in  foot-candles 
for  the  day  and  night  sky  under  various  conditions.  From  this  table  it 
can  be  seen  that  the  level  of  scene  illumination  varies  from  relatively 
high  levels  (1  -  1.3  x  10^  foot-candles)  to  relatively  low  levels  (1.0  x 
10“ 5  foot-candles)  ns  the  conditions  change  from  daytime  with  direct  sun¬ 
light  and  no  cloud  cover  to  nighttime  with  starlight  and  cloud  cover. 

Geldnrd,  op.  cit. 


Table  1.  Ambient  Illumination  for  Day  and  Night 
Sky  Under  Various  Conditions77 


Day/Night  Ambient  Illumination 

Condi tions  Level  (Foot-Candles) 


Full  Daylight  (Direct) 

1  - 

1. 

,3  x  104 

Full  Daylight  (Indirect) 

1  - 

2. 

,0  x  103 

Overcast  Day 

1.0 

X 

102 

Very  Dark  Day  (Sunrise/Sunset) 

1.0 

X 

101 

Twilight 

1.0 

X 

10° 

Deep  Twilight 

1.0 

X 

10_1 

Full -Moon 

1.0 

X 

10*2 

Quarter-Moon 

1.0 

X 

10"  3 

Starlight  (Clear) 

1.0 

X 

10’4 

Starlight  (Overcast  Sky) 

1.0 

X 

10-5 

77 
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In  particular,  It  Is  to  bo  expected  that  target  acquisition  performance, 
under  conditions  of  low  ambient  illumination  (e.g.,  those  levels  which 
typically  occur  during  the  nighttime  hours),  will  be  inferior  to  the  per¬ 
formance  obtained  under  conditions  of  high  ambient  illumination  (c.g., 
those  levels  which  typically  occur  during  the  daytime  hours).  Field 

studies  bear  out  this  conjecture.  For  example,  researchers  of  the  Vertex 
78 

Corporation  found  (during  the  verification  test  of  a  combat  system  model 
for  ground-based  operations)  that  the  average  detection  rang«  for  person¬ 
nel  targets  was  significantly  greater  for  daylight  targets  than  it  was  for 

targets  appearing  under  night  conditions  (122  tvremt  60  meters).  Research- 

79 

era  at  Fort  Hood,  Texas,  reported  a  similar  finding.  During  a  field 
test  these  workers  investigated  the  capability  of  armored  cavalry  troops 
to  complete  surveillance  and  target  acquisition  tasks  under  day  and  night¬ 
time  operational  conditions.  The  results  of  the  evaluation  indicated  that 
night  performance  was  degraded  by  30  percent  when  compared  to  day  perfor¬ 
mance  in  the  areas  of  surveillance,  target  acquisition,  and  cross-country 
movement . 

However,  the  results  of  those  studies  represent  comparisons  of  per¬ 
formance  for  only  grossly  defined  illumination  conditions  which  presumably 
differed  from  each  other  by  a  substanial  margin.  Unfortunately,  such 
results  do  not  indicate  if  acquisition  performance  can  be  expected  to 
show  improvements  as  the  level  of  ambient  illumination  is  increased  over 

7<k  Uiildcrs,  R.  Shook,  F..  Follin,  F.  Lerch,  and  P.  Michclsen.  fi¬ 

xation  Report  for  RIAF  Ryatcm:  Report  of  Tort,  SIAF  Report  No.  21, 

The  Vertex  Corporation,  Dethesda,  Maryland,  September  1971. 

79 

Armored  Cavalry  Tivop  Teat,  Executive  Summary,  United  States  Army, 

January  1972. 
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all  Illumination  levels  likely  to  be  encountered  in  natural  field  set¬ 
tings.  From  the  results  of  laboratory  and  field  investigations  to  be 
discussed  below,  it  does  appear  that  there  is  some  limitation  in  the  amount 
of  improvement  that  can  be  expected  in  acquisition  performance  ns  illumi¬ 
nation  is  increased.  In  particular,  these  studies  indicate  that 
acquisition  performance  is  affected  more  by  variations  in  illumination 
during  conditions  of  low  ambient  lighting  (less  than  one  foot-candle)  than 
during  conditions  of  moderate  to  high  ambient  lighting  (greater  than  one 

foot  candle).  , 

80 

Chapanis  lias  discussed  the  relationship  between  visual  acuity  (the 
ability  to  resolve  small  objects  and  to  distinguish  fine  detail)  and 
background  lumihancc  in  some  detail.  In  this  discussion,  a  curve  repre¬ 
senting  the  data  of  six  investigations  on  visual  acuity  ns  a  function  of 
background  luminance  was  presented.  This  curve  related  the  actual  sice  of 
the  smallest  detail  that  could  be  detected  by  observers  as  a  function  of 
background  luminances  from  -3  log  mil  1 ilamberts  to  A  log  millilnmberts. 

This  curve  is  reproduced  in  Figure  2.  Two  important  results  are  presented 
by  this  function.  First,  as  background  luminance  was  increased  from  -3 
log  millilnmberts  to  about  0  log  millilnmberts  (10-^  millilnmberts  to  1 
millilambert) ,  substantial  improvements  occurred  in  the  smallest  visual 
angle  that  could  be  detected.  Second,  ns  background  luminance  was  in¬ 
creased  from  about  0  log  millilnmberts  to  A  log  mill i lamberts  (1  milli¬ 
lambert  to  10,000  millilnmberts),  there  was  very  little  or  no  improvement 

80 

A.  Chapanis.  "How  We  See:  A  Summary  of  Basic  l’rinciplos in  A  Xio'Vru 
Rcj'ort  on  Hunar,  Fusions  in  I'rJi'vacn  WarfiW,  prepared  by  the  Panel  on 
Psychology  and  Physiology,  Committee  on  Undersea  Warfare,  National 
Research  Council,  Washington,  P.C.,  19A9,  pp  3-bO. 
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in  the  smallest  visual  angle  that  could  be  detected.  These  results  thus 
suggest  that  substantial  improvements  in  acquisition  performance  may  be 
expected  for  only  luminance  values  in  the  lower  ranges  of  background 
luminance.  Further,  they  Indicate  that  for  the  upper  values  of  back¬ 
ground  luminance,  successive  increments  in  luminance  can  be  expected  to 
have  only  minimal  or  no  effect  on  acquisition  performance  in  field  set¬ 
tings.  Field  research  supports  these  conclusions. 

For  example,  Dobbins  and  his  associates  have  found  no  consistent 
relationship  between  variations  in  daylight  illumination  (measured  in 
foot-candles)  and  the  detection  performance  of  observers  for  camouflaged 
personnel  in  tropic . -u  ui  .«  environments.  In  these  studies  the  average 
horizontal  illumination  varied  from  12  foot-candles  to  194  foot-candles 
measured  at  the  observer's  eye.  When  observers  were  tested  in  the  morn¬ 
ing  and  later  in  the  afternoon,  it  was  found  that  even  though  there  were 
significant  changes  in  light  levels,  there  were  no  corresponding  changes 
in  detection  performance. 

On  the  other  hand,  field  investigations  conducted  under  low  ambient 
light  conditions  find  that  increments  in  illumination  level  generally 

have  substantial  beneficial  effects  on  target  acquisition  performance. 

83 

For  example,  the  Japanese  Infantry  School  study  cited  previously  found 
that  the  range  at  which  single  and  multiple  personnel  targets  were  detected 
Increased  substantially  as  the  night  illumination  level  increased  from 
starlight  through  one-quarter,  one-half,  and  three-quarter  phases  to 

®^D.  Dobbins,  R,  Chu,  and  C.  Klndlck,  op.  cit. 

^"Principles  of  Night  Combat,"  op.  cit. 
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full-moon  Illumination.  Further,  comparing  the  results  of  the  starlight 
conditions  with  those  of  the  full-moon  conditions  showed  that  in  most 

cases  the  relative  improvement  ranged  from  200  to  400  percent. 

8A 

Similar  results  were  obtained  by  Taylor0  in  a  study  of  no-moon 
versus  full-moon  illumination.  He  found  that  the  full-moon  condition 
extended  the  range  of  observation  approximately  three  times  that  of  the 
no-moon  condition  (85  meters  versus  28  meters).  Targets  in  this  study 
were  Infantry  soldiers  and  observation  data  were  obtained  on  clear  nights. 

Hoffman  also  found  (in  a  study  of  the  detectability  of  a  Bundcswchr 
jeep)  that  illumination  level  affected  target  acquisition.  In  his  study 
it  was  found  that  the  maximum  detection  range  of  the  jeep  decreased  during 
twilight  as  a  direct  function  of  decreases  in  brightness  of  the  target 
background  when  brightness  decrements  were  plotted  on  a  logarithmic  scale. 
This  was  true  for  both  unaided  and  aided  (10x50  and  15x60  field  glasses) 
vision. 

86 

Farrell  and  his  associates  found  (in  a  study  of  search  effective¬ 
ness  with  the  Starlight  Scope)  that  as  the  illumination  level  Increased 
from  clear  starlight  to  full-moon  illumination,  the  percent  targets 
detected  using  the  Starlight  Scope  increased  from  25  to  68  percent.  The 
greatest  gains  in  performance  occurred  at  the  lower  light  levels  as  com¬ 
pared  to  the  higher  light  levels.  For  example,  percent  detections 
increased  from  25  to  38  percent  (relative  gain  of  52  percent)  ns  the 

j.  Taylor,  op.  ait. 
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H.  Hoffman,  op.  ait. 
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illumination  level  went  from  an  average  of  1.9  x  10"^  foot-candles  (clear 
starlight)  to  an  average  of  6.3  x  10”^  foot-candles  (cloudy  starlight 
plus  reflected  ground  light) .  When  illumination  was  increased  from  an 
average  of  24  x  lO”^1  foot-candles  (half-moon)  to  an  average  of  100  x  10"^ 
foot-candles  (full-moon),  the.  percent  detection  only  increased  from  59  to 
68  percent,  a  relative  gain  of  15  percent.  Further,  this  study  showed 
that  increases  in  the  level  of  illumination  significantly  improved  the 
detectability  of  faraway  targets  more  than  it  improved  the  detectability 
of  near  targets.  Also,  it  was  found  that  exposure  time  and  level  of  il¬ 
lumination  jointly  acted  to  affect  target  detectability.  In  general,  as 
both  exposure  time  and  illumination  level  increased,  target  detectability 
improved  with  the  lowest  percentage  of  targets  being  detected  at  short 
exposure  and  lower  illumination  levels  and  the  highest  percentage  of  tar¬ 
gets  being  detected  at  the  long  exposure  and  higher  illumination  levels. 

87 

Sternberg  and  Banks  also  found  that  as  the  ambient  illumination 
level  increased,  target  acquisition  performance  improved.  This  study 
employed  several  passive  night  vision  devices  (the  Miniscope,  the  Star¬ 
light  Scope,  the  Crew-Served  Weapons  Sight,  and  the  Night  Observation 
Device:  Medium  Range).  For  each  of  the  night  vision  devices  the  per¬ 
centage  of  targets  detected  increased,  while  the  time  to  detection 
decreased  as  the  level  of  ambient  illumination  rose  from  an  average  of 
9.7  x  10“^  foot-candles  (starlight)  through  on  average  of  140  x  10”^ 
foot-candles  (half-moon)  to  an  average  of  1100  x  10”  ^  foot-candles  (full- 
moon).  Further,  on  the  average,  increases  in  illumination  level  improved 
target  acquisition  at  far  distances  more  than  at  near  distances. 

®^J.  Sternberg  and  J.  Banks,  op.  ait. 
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In  this  study  two  kinds  of  targets  were  studied:  small  personnel 
targets  at  near  and  mid  ranges,  i.e.,  100-350  meter  and  350-800  meter 
distances,  respectively,  and  large  vehicular  targets  at  mid  and  far 
ranges,  i.e.,  350-800  meter  and  800-1200  meter  distances,  respectively. 

In  general,  for  all  devices,  both  vehicular  and  personnel  target  detection 
showed  substantial  improvement  as  illumination  level  increased.  However, 
detection  of  personnel  targets  showed  more  relative  Improvement  than 
detection  of  vehicular  targets  as  the  illumination  level  Increased 

Banks  and  his  associates  studied  the  effects  of  varying  the  size  of 
the  area  to  be  searched  during  target  acquisition.®®  Banks,  et  al. . 
found  that  increases  in  the  illumination  level  from  an  average  value  of 
1.1  x  10"^  foot-candles  (starlight)  to  an  average  of  91  x  10-^  foot- 
candles  (full-moon)  improved  target  detection  performance  for  all  sector 
sizes  studios  (25,  35,  and  75  degree  sectors).  This  was  true  for  obser¬ 
vation  using  the  Starlight  Scope,  the  Crew-Served  Weapons  Sight,  and  the 
Night  Observation  Device:  Medium  Range.  Further,  this  improvement  was 
greater  for  targets  with  short  exposures  as  compared  to  targets  with  long 
exposures. 

Finally,  in  a  study  of  the  effects  of  improved  training  on  visually 

89 

aided  target  acquisition  performance,  Banks,  Sternberg,  Cohen,  and  Debow 
found  that  as  illumination  level  increased  (from  starlight  to  full-moon 
illumination),  the  percentage  of  targets  detected  increased.  This  was 

88 

J i  Banks,  op  %  ett* 

®^J.  Banks,  J.  Sternberg,  B.  Cohen,  and  C.  Debow.  Improved  Seai'ch  Tech- 
niqueo  with  Passive  Night  Vision  Devices,  Technical  Research  Report  1169, 
US  Army  Behavior  and  Systems  Research  Laboratory  (BESRL) ,  Arlington, 
Virginia,  February  1971. 
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true  for  both  types  of  training  investigated  (special  and  standard)  and 
as  veil  for  the  two  visual  aids  studied  (Starlight  Scope  and  the  Night 
Observation  Device:  Medium  Range).  In  addition,  for  both  visual  aids 
the  relative  improvement  due  to  the  special  training  was  greater  for  star¬ 
light  illumination  than  for  full-moon  illumination. 

The  above  studies  all  consistently  show  that  increases  in  the  illumi¬ 
nation  level  arc  generally  accompanied  by  improvements  in  target 
acquisition  performance.  Further,  they  show  that  this  is  true  for  both 
aided  and  unaided  observation.  In  addition,  these  studies  indicate  that 
illumination  level  may  interact  with  other  acquisition  parameters  to  af¬ 
fect  the  acquisition  process.  For  example,  increases  in  low  level 
illumination  sebms  to  improve  the  detection  of  faraway  targets  more  than 
the  detection  of  nearby  targets.  Also,  the  detection  of  short  exposure 
targets  seems  to  be  more  improved  by  increments  in  illumination  level  than 
the  detection  of  long  exposure  targets.  This  finding  is  in  line  with  the 
results  for  other  previously  discussed  acquisition  studies  of  situations 
where  two  or  more  factors  influencing  acquisition  were  operative. 

Overall,  the  results  of  the  studies  reviewed  in  this  section  indi¬ 
cate  that  ns  the  level  of  ambient  illumination  is  increased  from 
relatively  low  levels  (e.g.,  starlight  illumination)  to  moderately  low 
levels  (e.g.,  full-moon  illumination),  substantial  improvements  in  target 
acquisition  performance  occur.  Further,  these  results  indicate  that  as 
the  ambient  illumination  level  is  increased  from  relatively  moderate 
levels  (e.g.,  early  morning  light)  to  higher  levels  (e.g.,  full  daylight), 
little  or  no  significant  improvement  in  target  acquisition  performance  is 
likely  to  occur.  This  can  be  seen  by  comparing  the  results  of  the  Japanese 
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Infantry  School  and  the  Taylor  studies  with  the  results  of  Dobbins,  Chu, 
and  Klndick.  In  the  former  case,  Improvements  In  acquisition  performance 
of  300  and  400  percent  were  found  as  illumination  level  went  from  star¬ 
light  to  full-moon  levels.  However,  in  the  latter  case,  no  significant 
Improvement  in  detection  performance  was  obtained  as  illumination  level 
varied  from  morning  to  afternoon  levels.  Thus,  it  seems  clear  that  Illumi¬ 
nation  level  is  a  more  important  variable  for  low  illumination  acquisition 
than  for  high  illumination  acquisition  performance. 

Terrain.  It  is  an  obvious  fact  that  the  earth's  surface  varies  con¬ 
siderably  in  terms  of  its  topography.  This  variation  may  bo  studied  with 
respect  to  a  relatively  bmall,  local  terrain  area  in  terms  of  the  effect 
of  intrinsic  or'  unique  tc  rain  features  on  target  acquisition.  Also,  it 
may  be  studied  with  respect  to  several  geog  ap  ically  distinct  areas  in 
terms  of  the  effect  of  gross  differences  among  these  areas  on  target  acqui¬ 
sition.  With  respect  to  the  problem  of  target  acquisition  in  natural 
settings,  however,  two  such  factors  (landform  relief  and  vegetative 
covetage)  have  direct  relevance  to  the  acquisition  process.  This  is  due  to 
the  fact  that  variations  in  either  of  these  factors  (separately  or  to¬ 
gether)  may  be  expected  to  aifect  (a)  the  nature  of  the  background  against 
which  targets  will  appear  and,  lienee,  target/background  contrast,  (b)  the 
maximum  distance  at  which  various  military  targets  (either  stationary  or 
moving)  can  possibly  be  acquired,  (c)  the  amount  of  time  a  moving  target 
will  be  unmasked  and,  thus,  available  for  acquisition,  and  (d)  the  extent 
to  which  a  target  will  be  obscured. 

It  is  apparent  that  each  of  these  terrain  factors  reflects  a  unique 
aspect  of  the  earth's  topography  in  given  geographical  areas.  For  example. 
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the  relief  (the  irregularities  or  elevations  of  a  land  surface)  of  a  spe¬ 
cific  geographic  area  may  be  flat  in  some  places,  rolling  in  others,  and 
quite  hilly  in  still  other  places.  Similarly,  some  geographic  areas  may 
be  covered  in  tall  grasses  and  shrubs  with  a  few  small  trees,  while  other 
areas  may  be  covered  in  tall  underbrush  and  interspersed  with  groves  of 
tall  trees.  However,  the  relief  and  vegetative  coverage  of  a  geographi¬ 
cal  area  are  typically  correlated,  as  both  arc  dependent  upon  climatic  and 
geological  factors  characteristic  of  the  area.  Examples  of  such  factors 
are  (a)  the  drainage  system  of  the  area,  (b)  the  annual  temperature  and 
rainfall  of  the  area,  and  (c)  the  nature  and  composition  of  the  soil  found 
in  the  area.  Thus,  in  studying  the  effect  of  terrain  variation  on  the 
acquisition  protess,  it  is  necessary  to  be  aware  and  to  take  into  account 
the  possibility  of  significant  dependencies  between  relief  and  vegetative 
coverage . 

The  fact  that  significant  dependencies  mny  exist  between  the  relief 
and  vegetative  coverage  of  a  geographic  area  has  generally  been  recognized 
by  researchers  working,  in  this  a*ca.  As  a  consequence,  many  of  these 
researchers  have  taken  a  holistic  approach  in  their  study  of  terrain  ef¬ 
fects  on  the  acquisition  process.  In  such  studies  the  effect  of  terrain 
on  performance  has  been  investigated  through  comparisons  of  the  acquisi¬ 
tion  performance  obtained  in  areas  which  were  objectively  verv  different 
in  terms  of  both  relief  and  vegetative  cover  or  which  were  subjectively 
judged  to  be  very  different  by  either  the  experimenter  or  groups  of  Judges. 

For  example,  Stollmack  and  Brown^®  studied  the  effect  of  terrain  on 
the  acquisition  of  tank  targets  by  ground  observers.  In  this  study  moving 

S.  Stollmack  and  1'.  Brown,  op.  oit. 
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tanks  appeared  in  a  variety  of  terrain  areas  Judged  to  vary  in  terms  of  a 
subjective  construct  labeled  "scene  complexity."  Conceptually,  scene 
complexity  was  defined  in  terms  of  the  presence  and  number  of  environ¬ 
mental  factors  judged  as  likely  to  partially  or  totally  conceal  a  target. 
Operationally,  scene  complexity  was  measured  in  terms  of  the  number  of 
avenues  of  approach  along  whicli  a  tank  could  advance  toward  an  observer. 
Thus,  for  tills  study,  a  low  complexity  scene  (and  therefore  a  low  com¬ 
plexity  terrain)  was  characterized  by  the  presence  of  few  terrain  features 
and  only  a  limited  number  of  approaches.  A  high  complexity  scene  (and 
therefore  a  high  complexity  terrain)  was  characterized  by  the  presence  of 
many  terrain  features  and  many  avenues  of  approach.  The  results  of  the 
study  indicated*  that  as  the  complexity  of  the  scene  (and  thus  the  terrain) 
increased,  the  number  of  tank  targets  acquired  per  unit  time  decreased. 
These  results  indicate  that  as  the  number  of  terrain  features  (irregu¬ 
larities  and  vegetation)  obstructing  vision  increase,  acquisition  perfor¬ 
mance  will  show  progressive  decrements. 

91 

Similar  results  were  obtained  by  Maxey  and  Caviness  in  a  study  of 
the  acquisition  of  moving  personnel  targets  by  stationary  observers.  In 
this  study  the  effect  of  terrain  on  acquisition  performance  was  assessed 
by  having  separate  groups  of  observers  acquire  targets  in  three  objectively 
different  terrains.  In  the  first  terrain  area  (labeled  the  low  complexity 
terrain),  the  vegetation  was  sparse  and  offered  little  concealment;  it  was 
covered  with  tall  grasses  and  a  few  small  pine  trees.  In  the  second  ter¬ 
rain  area  (labeled  the  medium  complexity  terrain)  ,  there  was  much  more 
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vegetation  and  concealment  was  more  plentiful;  it  was  covered  with  tall 
grasses  and  was  overgrown  with  bushes  and  larger  pines.  Finally,  in  the 
third  terrain  area  (labeled  the  high  complexity  terrain),  the  vegetation 
was  greatly  overgrown  and  concealment  was  extremely  plentiful;  tall 
bushes  abounded  and  there  was  a  mixture  of  large  pines  and  deciduous 
trees.  In  addition,  the  relief  of  the  first  two  terrain  areas  was  gen¬ 
erally  quite  flat  with  few  irregularities,  while  the  relief  of  the  third 
terrain  area  was  generally  rolling  with  many  surface  irregularities. 

The  terrain  areas  studied  in  this  investigation  were  chosen  by  the 
experimenters  on  the  basis  of  the  obvious  differences  described  above. 

As  a  check  on  this  selection,  Mnxcy  and  Cavlness  had  a  group  of  Judges 
(selected  from  the  same  population  ns  the  observers  who  completed  the 
acquisition  task  during  the  study)  rate  the  complexity  of  these  terrains. 
The  observers  were  instructed  to  Judge  the  ease  with  which  personnel  tar¬ 
gets  could  be  detected  in  these  terrain  areas.  Analysis  of  these  ratings 
revealed  that  the  judges  and  the  experimenters  were  in  good  agreement 
with  respect  to  the  judged  complexity  of  each  terrain. 

Analysis  of  the  detection  data  (time  required  for  detection)  collect¬ 
ed  in  each  of  the  three  terrain  areas  revealed  that  as  terrain  complexity 
increased,  the  time  required  for  detection  of  moving  personnel  targets 
also  increased.  Thus,  in  this  case,  the  presence  and  numerosity  of  ter¬ 
rain  features  (as  this  was  reflected  in  the  variations  among  the  terrain 
areas  studied)  were  also  found  to  restrict  the  detectability  of  targets. 
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Janes  and  James^  have  also  studied  the  effect  of  terrain  differ¬ 
ences  on  the  acquisition  of  ground  targets.  These  researchers  conducted 
two  studies  in  varying  geographic  localities.  In  the  first  study  they 
found  that  the  average  visibility  distance  for  a  human  target  dressed  in 
an  OG-107  parka  shell  was  greatest  for  an  open  coniferous  forest  (250- 
300  feet  [80-90  meters]),  next  greatest  for  a  chaparral  area  (95  feet 
[30  meters]),  and  least  for  a  dense  coniferous  forest  (65  feet  [20 
meters]).  In  the  second  study  they  found  that  a  human  target  dressed  in 
the  0G-107  parka  shell  was  detectable  at  longer  ranges  (820  feet  [250 
meters])  in  an  oak  woodland  dominated  by  valley  and  interior  live  oak 
trees  than  in  a  chaparral  area  dominated  by  chamise,  yerba  senta,  buck¬ 
brush,  and  manianlta  species  (40  feet  [12  meters]).  Thus,  these  results 
also  indicate  that  as  the  obstructions  to  visibility  provided  by  the 
physical  features  of  an  area  (such  as  vegetation)  increase  the  acquisi¬ 
tion  performance  of  an  observer  will  show  substantial  decrements. 

O'* 

Researchers  of  the  Vertex  Corporation***  have  collected  data  which 
also  agree  with  this  conclusion.  In  1969,  data  were  obtained  which  at¬ 
tempted  to  specify  the  ranges  at  which  enemy  personnel  targets  were 
acquired  in  South  Vietnam  jungle  envirot ments.  Later,  in  1970,  additional 
deta  were  collected  during  the  SIAF  field  tests  in  Hawaii  for  specifying 
the  detection  ranges  of  personnel  targets  appearing  in  open,  brush,  and 
jungle  environments.  Finally,  during  the  verification  test  of  the  Vertex 

’^J.  James  and  W.  James.  Unpublished  study  reported  in  R.  Anstey, 
Visibility  Measurement  in  Forested  Areas,  Special  Report  S-4,  Earth 
Sciences  Division,  US  Army  Natick  Laboratories,  Natick,  Massachusetts, 
November  1964. 
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SIAF  mathematical  model  at  the  Hunter-Ligget  Military  Reservation  in  1971, 
data  were  collected  on  the  detection  ranges  of  personnel  targets  appear¬ 
ing  in  an  open  area  with  few  trees.  In  general,  the  results  of  these 
data  collection  efforts  indicated  that  as  the  restrictions  to  visibility 
decreased,  the  detectability  of  personnel  targets  increased.  For  example, 
targets  appearing  in  open  areas  were  detected  at  longer  ranges  than  in 
either  jungle  or  brush  environments. 

The  above  studies  were  conducted  under  conditions  of  daylight  illumi¬ 
nation.  The  results  of  these  studies  were  consistent  with  respect  to  the 
effect  of  terrain  on  target  acquisition.  In  all  cases  it  was  found  that 
target  acquisition  performance  was  significantly  affected  by  the  type  of 
terrain  area  in  which  this  performance  was  measured.  Further,  these 
studies  indicate  that  the  major  factor  underlying  this  effect  of  terrain 
was  the  number  and  extent  of  the  obstructions  to  visibility  provided  by 
the  relief  and/or  vegetative  cover  characteristic  of  the  terrain  areas 
studied.  In  particular,  it  was  found  that  as  the  complexity  of  the  ter¬ 
rain  (defined  in  either  objective  or  subjective  terms)  increased,  target 
acquisition  performance  showed  progressive  decrements. 

It  is  expected  that  similar  results  would  be  obtained  for  the  effect 
of  similar  terrain  variations  on  acquisition  performance  under  conditions 
of  low  ambient  illumination.  Unfortunately,  no  studies  were  located  which 
dealt  directly  with  this  problem.  As  a  consequence,  it  is  not  possible 
at  this  time  to  make  any  specific  statement  about  the  effect  of  terrain 
variations  on  target  acquisition  under  low  ambient  lighting  conditions. 

The  above  cited  studies  all  dealt  with  the  effects  of  between-terrain 
variations  on  target  acquisition  performance.  However,  within  a  given 


geographic  area,  It  can  be  expected  that  there  will  be  local  variation  In 
the  landform  relief  and/or  vegetative  cover.  Depending  upon  how  tar jets 
arc  placed  and  come  to  behave  with  respect  to  local  variations  in  these 
factors,  it  may  be  expected  that  they  will  interact  with  these  variations 
to  influence  their  detectability  either  positively  or  negatively.  Thus, 
local  variations  in  relief  and  vegetative  cover  are  also  likely  to  be 
important  factors  in  the  acquisition  process.  Field  studies  support  this 
conclusion. 

Eckles  and  his  associates^  observed  (in  a  study  of  the  effects  of 
mobility  and  agility  on  target  acquisition  by  tank  gunners)  that  the 
relief  structure  and  vegetation  of  their  test  area  served  to  interrupt 
the  gunner's  view  of  the  target  so  that  targets  were  exposed  for  only  very 
short  durations.  In  addition,  relief  structure  and  vegetation  served  to 
reduce  the  effective  size  of  targets  through  partial  obscuration. 

A  similar  finding  was  reported  by  Caviness  and  Maxey*5^  in  a  study  of 
the  acquisition  of  advancing  personnel  targets  by  stationary  observers. 

In  this  investigation,  targets  wore  three  different  types  of  uniforms 
(forest  green,  olive  drab,  and  black)  and  appeared  against  two  similar 
terra  .n  backgrounds.  The  results  of  the  study  indicated  that  the  relative 
detectability  of  the  forest  green  uniformed  targets  varied  as  a  function 
of  the  background  against  which  they  were  observed.  As  the  background 
changed,  the  detectability  of  these  targets  decreased.  However,  the 

A.  F.ckles,  T.  Carry,  W.  Mullen,  and  11.  Aschenbrenncr .  HL'LAST  IT, 
Technical  Memorandum  12-73,  US  Army  Human  Engineering  Laboratory, 
Aberdeen  Proving  Ground,  Maryland,  1973. 

^J.  Caviness  and  J.  Maxey,  op.  cit. 


-  68  - 


relative  detectability  of  black  and  olive  green  uniformed  targets  remain¬ 
ed  essentially  the  same.  Since  the  change  in  background  only  affected  the 
detectability  of  the  forest  green  targets,  it  seems  likely  that  these 
results  were  due  to  the  interaction  of  the  forest  green  targets  with  some 
specific  terrain  feature  (or  features)  present  in  one  background  but  not 
in  the  other  background.  Caviness  and  Maxey  suggested  these  results  were 
due  to  slight  differences  in  the  local  relief  and  vegetative  cover  that 
existed  between  the  two  backgrounds ,  as  well  as  target/background  color 
and  brightness  contrast. 

Thus,  it  seems  clear  that  both  inter-  and  intra-terrain  variations 
can  affect  the  detectability  of  targets.  It  may  be  expected  for  different 
terrain  areas  located  in  geographically  separate  areas  that  a  major  ef¬ 
fect  of  terrain  will  be  in  terms  of  target  obscuration  and  the  maximum 
distance  at  which  targets  can  possibly  be  acquired.  Further,  it  may  be 
expected  for  a  given  terrain  area  that  specif ic .features  of  the  area  will 
likely  Influence  target  detectability  through  interactions  with  specific 
target  characteristics,  such  as  contrast  and  target  duration.  The  effects 
of  these  interactions  may  be  facilatory  or  inhibitory.  However,  the 
relative  importance  of  inter-  and  intra-terrain  variations  needs  to  be 
studied  further.  Far  too  little  literature  exists  in  this  area  with 
respect  to  ground  target  acquisition.  As  a  consequence,  it  is  possible  to 
draw  only  the  most  general  conclusions  about  the  effect  of  overall  ter¬ 
rain  variations  on  the  acquisition  process. 

Vegetation.  In  the  previous  section  the  overall  effect  of  terrain  on 
the  acquisition  process  was  reviewed.  It  is  the  purpose  of  this  section  of 
the  review,  however,  to  consider  the  effects  of  variations  in  vegetation 
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cover  on  target  acquisition.  The  effects  of  vegetation  have  been  well 
researched  with  respect  to  its  effect  on  the  acquisition  process.  Further, 
this  feature  is  particularly  important  from  a  practical  point  of  view, 
since  it  may  be  expected  in  future  combat  situations  (at  least  in  the 
initial  stages)  that  vegetation  will  be  a  prominent  feature  of  the  modern 
battlefield. 

In  areas  where  adequate  sunlight  and  moisture  are  available,  some 
form  of  plant  life  grows.  However,  as  a  consequence  of  seasonal  varia¬ 
tions  in  sunlight  and  moisture,  the  amount  and  nature  of  plant  life  shows 
substantial  variation  over  time.  Thus,  it  may  be  expected  that  detecta¬ 
bility  through  vegetated  areas  will  vary  with  time  to  the  extent  that  the 
vegetation  in  these  areas  affects  detectability  and  is  itself  variable 
with  season. 

Only  a  few  field  studies  have  investigated  the  effects  of  seasonal 
variation  on  detectability  in  vegetated  areas.  In  the  first  of  these, 
Drummond  and  Lackey^  measured  the  visibility  of  a  six-foot,  man-sized 
target  covered  in  canvas  cloth  dyed  a  medium  dark  green  (shade  OD  8). 
Detectability  was  studied  during  both  sumner  and  winter  in  91  stands  of 
deciduous  forest.  The  target  was  chosen  to  correspond  to  the  dimensions 
of  a  soldier  plus  his  military  equipment.  The  forest  stands  were  all 
located  in  the  central  region  of  the  United  States.  Observations  were  made 
on  clear  days  when  the  sun  was  high.  Overall,  detectability  (in  terms  of 
detection  distance)  in  deciduous  stands  averaged  37  percent  less  in  the 

^R.  Drummond  and  E.  Lackey.  Visibility  in  Some  Foi'est  Stands  of  the 
United  States,  Technical  Report  EP-36,  Quartermaster  Research  and 
Development  Command,  Natick,  Massachusetts,  May  1956. 
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summer  than  In  the  winter.  In  the  winter  the  average  detection  distance 
was  75  yards  [69  meters],  while  In  the  summer  the  average  detection  dis¬ 
tance  was  only  47  yards  [43  meters].  However,  no  differences  In  the 
average  detection  distance  were  found  in  evergreen  stands  as  a  function 
of  seasonal  variations.  For  these  stands  the  average  detection  distance 
was  49  yards  [45  meters],  both  in  the  summer  and  the  winter. 

The  forest  stands  in  this  study  were  classified  in  terms  of  the 
height  and  continuity  of  both  the  primary  growth  (trees)  and  the  under¬ 
growth  (bushes,  shrubs,  and  grasses).  For  stands  composed  of  medium 
height  trees  (30  to  75  feet  tall  [9  to  73  meters))  with  touching  branches, 
sufficient  data  were  collected  by  Drummond  and  Lackey  to  allow  compari¬ 
sons  between  stands  with  undergrowths  of  different  heights  as  a  function 
of  seasonal  variations.  These  comparisons  revealed  overall  that  as  the 
height  of  the  undergrowth  decreased,  the  average  detectability  of  a 
standard  visibility  object  (a  man-sized  target)  increased.  However,  the 
magnitude  of  this  increment  in  detectability  depended  on  the  height  of 
the  undergrowth.  For  example,  when  the  undergrowth  was  between  six  and 
30  feet  [2  and  9  meters],  the  average  detection  distance  increased  from 
57  to  86  yards  [52  to  79  meters]  as  the  season  changed  from  summer  to 
winter,  i.e.,  it  increased  by  50.8  percent.  When  the  height  of  the 
undergrowth  was  between  three  and  six  feet  [1  and  2  meters],  the  average 
detection  distance  increased  from  61  to  76  yards  [56  to  70  meters]  from 
summer  to  winter,  i.e.,  it  increased  by  24.6  percent.  Finally,  when  the 
height  of  the  undergrowth  was  less  than  three  feet  [1  meter],  the  average 
detection  distance  increased  from  92  to  95  yards  [85  to  87  meters]  from 
summer  to  winter,  i.e.,  it  increased  by  just  3.2  percent. 
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These  results  suggest  that  the  Increases  In  detectability  as  a  con¬ 
sequence  of  scasonul  variation  were  likely  due  to  reductions  in  the 
quantity  and/or  changes  in  the  color  of  foliage  available  for  obstructing 
lines-of-sight  between  the  observer  and  the  target  employed  in  this  study. 
In  addition,  these  results  indicate  that  when  foliage  in  a  given  forested 
area  is  normally  obstructive  to  visual  observation  or  tends  to  create  con¬ 
ditions  for  low-target  contrast,  a  change  in  season  associated  with 
reductions  in  this  foliage  (such  as  a  change  from  summer  to  winter)  will 
be  accompanied  by  substantial  increments  in  the  average  detection  dis¬ 
tance.  On  the  other  hand,  when  the  quantity  of  foliage  is  not  normally 
obstructive  to  visual  observation  or  is  not  a  factor  in  target  contrast, 
a  change  in  season  which  affects  this  foliage  will  not  appreciably  affect 
target  detectability  in  a  given  area. 

Dobbins  and  his  associates  at  the  Tropic  Test  Center  in  the  Panama 
Canal  Zone  have  also  studied  the  effects  of  seasonal  variations  on  detect¬ 
ability  in  heavily  vegetated  areas.  Their  studies  were  conducted  in  a 
tropical  evergreen  forest  located  on  the  Atlantic  slope  of  Panama,  and 
also  in  a  tropical  semideciduous  forest  located  on  the  Pacific  slope  of 
Panama.  Seasonal  variations  in  these  areas  are  correlated  with  the  amount 
of  rainfall  during  a  given  period  of  time.  During  the  "wet"  season  the 
average  amount  of  rainfall  is  substantially  greater  than  during  the  "dry" 
season.  One  consequence  of  this  is  that  during  the  dry  season  the  leaf 
mass  of  the  vegetation  usually  withers  to  some  extent  and,  thus,  is  less 
of  an  obstruction  to  vision.  Therefore,  it  may  be  expected  that  the 
detectability  of  personnel  targets  in  tropical  forests  will  be  substan¬ 
tially  greater  in  the  dry  season  than  in  the  wet  season.  This,  in  fact, 
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was  found  to  be  the  case  for  two  out  of  three  sites  studied  in  a  tropical 
semideciduous  forest.  In  a  later  series  of  studies  in  this  some  forest, 
the  detectability  of  personnel  targets  was  found  to  vary  as  expected  as  a 
function  of  wet/dry  season  variations  for  only  one  of  three  sites  studied. 
The  Tropic  Test  Center  researchers  suggest  that  these  results  were  due  to 
the  nature  of  the  vegetation  at  the  sites  studied.  In  particular,  it  was 
found  that  the  sites  which  showed  changes  in  detectability  as  a  function  of 
season  were  characterized  by  substantial  vegetation  loss  (mainly  in  terms 
of  leaf  drop)  as  the  season  changed  from  wet  to  dry.  On  the  other  hand, 
sites  which  did  not  show  substantial  Improvements  in  detectability  as  a 
function  of  the  change  from  wet  to  dry  season  were  characterized  by  minimal 
or  no  vegetation  loss  as  the  season  changed.  These  results  Indicate  that 
a  change  from  wet  to  dry  season  will  affect  visibility  in  a  given  area 
only  when  the  vegetation  in  that  area  shows  pronounced  losses  as  a  func¬ 
tion  of  the  seasonal  change. 

This  conclusion  is  further  reflected  in  the  results  of  another  scries 

of  studies  conducted  by  Dobbins  and  his  associates  on  the  Atlantic  slope 
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of  Panama  in  a  tropical  evergreen  forest.  For  these  studies  the 
severity  of  the  dry  season  was  less  than  that  of  the  dry  season  in  the 
semideciduous  forest.  As  a  consequence,  leaf  fall  was  less  in  the  ever¬ 
green  forest  during  the  dry  season  that  it  was  in  the  semideciduous  forest 
during  the  dry  season.  The  impact  of  this  reduced  severity  was  that  the 

^D.  Dobbins,  R.  Chu,  and  C.  Kindick,  op.  cit. 
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99d.  Dobbins,  M.  Gast,  and  C.  Kindick,  op.  cit. 
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differences  between  wet  and  dry  season  visibilities  were  not  significantly 
different  for  each  of  three  geographically  separated  areas  in  the  ever¬ 
green  forest. 

Taken  together,  the  Drummond  and  Lackey  study  and  the  Tropic  Test 
Center  studies  suggest  that  seasonal  variations  will  be  a  factor  in  target 
acquisition  insofar  as  these  variations  affect  the  amount  of  foliage  pres¬ 
ent  in  a  given  geographic  area  which  restricts  visibility.  If,  in  a  given 
area,  the  foliage  restricts  detection  distances  and  if  foliage  density 
changes  as  a  function  of  seasonal  changes,  it  can  be  expected  that  visi¬ 
bilities  will  Increase  as  the  season  shifts  to  one  favoring  the  reduction 
of  foliage.  On  the  other  hand,  if  in  a  given  area  the  foliage  is  such 
that  visibilities  are  not  restricted  by  its  presence,  then  seasonal  vari¬ 
ations  will  not  likely  benefit  the  acquisition  process.  Further,  if  in  a 
given  area  the  foliage  restricts  visibility,  but  is  not  affected  by 
seasonal  variations,  improvements  in  detectability  as  a  function  of 
seasonal  variations  cannot  be  expected. 

Between  and  within  given  geographic  areas,  the  vegetative  cover  may 
vary  in  terms  of  density  (number  per  unit  area),  height,  and  type.  This 
will  be  true  for  both  the  primary  growth  of  an  area  (trees,  tall  bushes, 
etc.)  and  the  undergrowth  (small  bushes,  shrubs,  grasses,  etc.).  For 
example,  the  primary  growth  of  an  area  may  be  dense  with  many  tree 
branches  touching  and,  thus,  provide  a  continuous  canopy  over  the  ground. 
Alternatively,  it  may  be  relatively  sparse  with  few  or  no  branches  touch¬ 
ing  and,  thus,  provide  many  openings  for  direct  light  to  reach  the 
ground.  The  undergrowth  may  vary  in  height  from  a  few  inches  (e.g., 
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mosses  and  lichens  in  a  tundra  area)  to  many  feet  (tall  shrubs  and 
grasses).  Finally,  in  a  Riven  area  a  wide  variety  of  trees,  shrubs, 
bushes,  and  grasses  may  be  found  growing  in  close  proximity  to  each  other. 
Thus,  it  may  be  expected  that  between  differentially  vegetated  areas, 
detectability  will  differ  as  a  function  of  differences  in  the  density, 
height,  ind  type  of  prevailing  vegetation. 

Hcwever,  variations  in  these  characteristics  are  not  generally  inde¬ 
pendent.  That  is,  variations  in  density  may  often  be  correlated  with 
variations  in  cither  height  or  vegetation  type.  For  example,  relatively 
dense  growths  of  trees  arc  often  associated  with  relatively  sparse  and 
comparatively  si.  rt  undergrowth.  Alternatively,  relatively  dispersed 
growths  of  trees  are  generally  associated  with  dense  and  high  undergrowth. 
T1..0,  the  densities  e*  primary  growth  and  undergrowth  in  forest  areas  tend 
to  be  inversely  relate  However,  ns  will  be  seen,  the  relationship  is 
dependent  upon  botli  the  type  of  primary  growth  (evergreen,  deciduous,  or 
mixed)  and  the  height  of  the  primary  growth,  ns  well  ns  the  type(s)  of 
undergrowth  (vines,  shrubs,  grasses,  etc.).  While  these  complex  relation¬ 
ships  make  classification  of  vegetation  difficult,  field  research  has 
produced  some  results  which  may  be  of  value  in  planning  for  future  acqui¬ 
sition  studies. 

For  example,  in  a  study  of  392  stands  of  vegetation,  Drummond  and 
Lackey*®®  found  that  each  cf  the  variables  discussed  above  (taken  sep¬ 
arately)  significantly  influenced  the  distance  at  which  a  man-sized  target 
could  be  seen  by  observers.  These  stands  of  vegetation  represented  .a  wide 
variety  of  primary  growth  (trees)  ami  undergrowth  (bushes,  shrubs,  and 

*^R.  Drummond  and  E.  T.ackey,  op.  oil. 
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grasses)  which  differed  considerably  in  terms  of  height  and  density.  As 
a  consequence,  a  classification  system  was  employed  which  allowed  the 
primary  growth  and  the  undergrowth  of  each  stand  of  vegetation  to  he 
placed  into  one  of  several  sub-categories  with  respect  to  density,  height, 
and  type  of  vegetation. 

Three  levels  of  vegetative  density  were  investigated:  continuous 
growth,  interrupted  growth,  and  growth  in  patches  or  clumps.  The  growth 
of  an  area  was  considered  to  be  continuous  if  the  branches  of  the  trees 
or  undergrowth  touched  each  other.  If  the  branches  did  not  touch,  it.  was 
considered  interrupted.  Finally,  it  was  considered  to  be  growing  in  patches 
or  clumps  if  open  space  existed  between  various  groupings  of  the  vege¬ 
tation.  With  respect  to  the  last  level  of  density,  only  three  of  the 
stands  investigated  wore  classified  in  this  manner.  Thus,  most  of  the 
stands  of  vegetation  were  classified  as  either  continuous  or  interrupted 
for  both  the  primary  growth  and  the  undergrowth. 

For  Btands  composed  of  tall  (at  least  75  feet  123  meters])  evergreen 
trees,  tall  overgrcen/deciduous  trees,  and  medium  (between  30  and  75  feet 
[9  and  23  meters])  deciduous  trees,  the  average  detection  distance  was 
greater  when  tree  density  was  interrupted  than  when  it  was  continuous. 

This  result  was  apparently  due  to  the  fact  that  for  the  interrupted  stands 
investigated,  the  undergrowth  was  relatively  short  (less  than  one  meter), 
while  foi  the  continuous  stands  it  was  relatively  tall  (greater  than  one 
meter).  Thus,  for  the  interrupted  stands,  there  were  fewer  obstructions 
to  vision  provided  by  the  undergrowth  when  compared  to  that  of  the  contin¬ 
uous  stands.  As  a  consequence,  it  was  possible  to  acquire  targets  at 
longer  ranges  under  the  interrupted  density  conditions. 
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However,  for  stands  composed  of  medium  evergreen  trees,  low  decid¬ 
uous  trees,  low  (between  six  and  30  feet  [2  and  9  meters])  evergreen 
trees,  and  low  evergreen/deciduous  trees,  the  average  detection  distance 
was  greater  when  the  density  was  continuous  than  when  it  was  interrupted. 
For  these  stands  the  height  of  the  undergrowth  was  approximately  the 
same  (greater  than  one  meter),  but  the  density  of  the  undergrowth  changed 
as  a  function  of  the  density  of  the  trees  cotqposing  the  stands.  For  the 
continuous  stands,  the  undergrowth  was  generally  open  w  th  few  branches 
touching  each  other.  For  the  Interrupted  stands,  the  undergrowth  was 
generally  closed  with  many  touching  branches.  As  a  consequence,  it  was 
posr  e  to  ecqulrc  targets  at  longer  ranges  under  the  continuous  density 
condition  in  this  case,  since  the  undergrowth  tended  to  be  more  open  and 
provided  fewer  obstructions  to  target  acquisition. 

Target  acquisition  in  the  forest  stands  studied  by  Drummond  and 
Lackey  was  also  found  to  be  strongly  influenced  by  height  of  both  the 
primary  growth  and  the  undergrowth.  It  was  found  that  the  average  detec¬ 
tion  distance  was  directly  related  to  height  in  primary  growths  composed 
of  evergreen  and  mixed  evergreen/deciduous  trees.  In  these  stands 
detectability  was  found  to  be  greatest  in  the  tallest  stands  and  least 
in  the  lowest  stands.  For  the  deciduous  stands  studied,  it  was  found 
that  medium  height  stands  (30  to  75  feet  [9  to  23  meters])  permitted  the 
greatest  average  detection  distances.  In  both  the  tall  (greater  than  75 
feet  [23  meters])  and  low  (six  to  30  feet  [2  to  9  meters])  stands,  detecta¬ 
bility  was  reduced  to  about  the  aame  level  due  to  the  presence  of  visual 
obstructions  (tall  undergrowth  and  vines  in  the  tall  stands  and  dense 
undergrowth  and  branches  in  the  low  stands).  Finally,  it  was  found  that 
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height  of  the  undergrowth  was  negatively  related  to  detectability,  i.e., 
the  taller  the  undergrowth,  the  less  the  average  detection  distance. 

Drummond  and  Lackey  also  found  that  the  type  of  vegetation  composing 
a  forest  had  a  significant  effect  on  the  average  detection  distance  ob¬ 
tained.  For  tall  stands  of  continuous  (upper  branches  touching)  vege¬ 
tation,  it  was  found  that  evergreen  forests  were  much  more  open  than 
deciduous  summer  forests.  As  a  consequence,  detection  distances  were 
about  three  times  as  great  in  the  evergreen  forests  (average  distance  * 

71  yards  [65  meters])  than  in  the  deciduous  forests  (average  distance  ■ 

26  yards  [24  meters]).  However,  for  medium  forest  stands,  it  was  found 
that  there  were  differences  in  the  average  detection  distances  for  the 
evergreen  and  deciduous  forests  only  when  the  primary  growth  was  inter¬ 
rupted  (branches  did  not  touch  each  other).  Under  Interrupted  conditions, 
the  average  detection  distances  obtained  in  the  evergreen  forests  (average 
distance  ■  41  yards  [38  meters])  was  only  about  half  that  obtained  in  the 
deciduous  forests  (average  distance  ■  82  yards  [75  meters]).  When  the 
primary  growth  was  continuous  for  medium  height  forests,  it  was  found 
that  the  average  detection  distance  was  roughly  the  same  (average  dis¬ 
tance,  evergreen  forest  ■  55  yardB  (50  meters],  and  average  distance, 
deciduous  forest  -  62  yards  [58  meters]).  For  stands  in  which  the  trees 
were  relatively  short,  it  was  found  that  regardless  of  the  density  of  the 
primary  growth,  visibilities  for  the  evergreen  and  r’.-clduous  forests 
were  also  about  the  same.  In  addition,  it  was  found  for  forests  in  which 
the  vegetation  was  mixed  evergreen  and  deciduous,  that  the  evergreen 
vegetation  was  the  dominant  factor  in  limiting  the  average  detection  dis¬ 
tance.  Finally,  it  was  found  that  the  presence  of  vines  (which  was  very 


-  7  8  - 


common  in  deciduous  and  mixed  forests  and  rarely  observed  in  the  evergreen 
forests)  was  a  highly  significant  factor  influencing  target  detectability. 

In  particular,  it  was  found  that  vines  tended  to  reduce  the  average  detec¬ 
tion  distance  by  about  36  percent  when  they  were  present. 

Thus,  it  is  very  clear  that  acquisition  performance  in  forested  areas 
is  likely  to  be  greatly  Influenced  by  the  type,  height,  and  density  of 
vegetation  present.  In  general,  then,  it  can  be  expected  that  target 
acquisition  performance  will  be  sharply  restricted  in  areas  composed  of 
short  deciduous  trees  with  tall,  dense  underbrush.  On  the  other  hand, 
target  acquisition  performance  will  be  optimal  (all  other  factors  equal) 
in  areas  composed  of  tall  evergreen  trees  with  little  or  short  underbrush. 

Location.  '  Target  location  refers  to  the  azimuth  of  a  target  relative 
to  an  observer's  heading.  Specifically,  azimuth  is  the  horizontal  direc¬ 
tion  of  the  target  expressed  as  the  angular  separation  between  the 
observer's  heading  and  the  target's  heading.  Usually,  field  studies  of 
target  acquisition  systematically  vary  target  location  in  order  to  control 
for  the  possibility  of  differential  difficulty  in  detection  along  differ¬ 
ent  azimuths. 

Dobbins  and  his  associates  have  conducted  a  number  of  studies  at  the 

US  Army  Tropic  Test  Center  in  the  Panama  Canal  Zone  which  have  systematically 

,  L  J  ,  101,102,103,104 

investigated  the  effect  of  target  location  on  acquisition. 

1®*D.  Dobbins  and  M.  Cast,  op.  oit. 

Dobbins,  M.  Gast,  and  C.  Klndlck,  op.  cit. 
lO^D.  Dobbins  and  C.  Kindick,  op.  oit. 

Dubuisson  and  C.  Kindick,  op.  oit. 
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Observers  in  these  studies  were  given  instructions  to  search  for  targets 
in  a  180*  field.  Targets  were  located  within  a  120*  or  150°  sector  along 
either  five  or  ten  predetermined  azimuths.  The  results  of  these  investi¬ 
gations  indicated  that  target  acquisition  was  not  significantly  in¬ 
fluenced  by  target  location.  In  these  studies,  a  minimum  of  vegett < ion 
was  distributed  along  target  azimuths.  This  was  done  to  preclude  the 
establishment  of  strong  location  clues  for  observers. 

Anstey,  in  a  review  of  visibility  measurement  conducted  in  forested 
areas,  concluded  that  whether  a  particular  target  azimuth  will  affect 
detectability  depends  upon  the  density  of  vegetation  along  the  azimuth. 

In  particular,  he  found  that  as  the  density  of  vegetation  along  different 
azimuths  varied,  acquisition  performance  also  varied.  These  findings 
taken  together  thus  suggest  that  target  location  will  be  a  factor  in  ac¬ 
quisition  when  lines-of-sight  between  the  target  and  observer  are  obscured 
by  either  vegetation  or  some  terrain  feature. 

However,  there  are  at  least  two  other  factors  to  be  considered  with 
respect  to  the  effect  of  target  location  on  ground-to-ground  acquisition 
performance:  (a)  the  observer's  search  pattern,  and  (b)  the  correspondence 
between  a  target's  physical  location  and  that  expected  by  an  observer. 
Research  conducted  in  an  air-to-ground  target  acquisition  situation  by 
Snyder  suggests  that  each  of  these  factors  may  be  important  in  ground- 
to-ground  target  acquisition.  For  example,  Snyder  found  that  observers 

*®^R.  Anstey,  op.  ait.,  1964. 

*^1I.  Snyder.  "Dynamic  Visual  Search  Patterns,"  in  Visual  Search,  Minutes 
of  Symposium  Conducted  at  the  Spring  Meeting  of  Committee  on  Vision 
(1970),  National  Research  Council,  Washington,  D.C.,  1973. 
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in  air-to-ground  situations  tend  to  fixate  their  eyes  on  areas  in  the  mid¬ 
dle  of  their  visual  field.  It  was  concluded  that  this  search  pattern  was 
inadequate  for  detecting  targets  that  fell  outside  the  center  of  the  field 
of  view.  These  results  imply  that  if  the  observer's  search  pattern  does 
not  lead  to  search  areas  where  targets  are  located,  acquisition  perfor¬ 
mance  will  be  lower  than  if  the  search  pattern  does  lead  him  to  search 
locations  in  which  targets  are  positioned. 

Further,  Snyder  found  that  observers  in  an  air-to-ground  acquisition 
situation  tend  to  concentrate  their  search  for  ground  targets  on  terrain 
areas  in  which  targets  can  be  logically  expected  to  be  present,  e.g., 
roads,  clearings.  These  results  suggest  that  observers  tend  to  have  cer¬ 
tain  predispositions  for  conducting  a  search  of  a  given  area.  This  implies 
that  how  successful  observers  will  be  in  acquiring  targets  in  a  given 
acquisition  situation  will  also  be  a  function  of  the  extent  to  which  these 
search  dispositions  and  actual  target  locations  correspond. 

Overall,  these  findings  indicate  that  the  effect  of  target  location  on 
acquisition  performance  in  field  situations  is  dependent  on  at  least  three 
factors:  (a)  the  extent  to  which  the  line-of-sight  between  a  target  and  an 
observer  is  masked  by  either  vegetation  or  some  terrain  feature,  (b)  the 
observer's  search  pattern,  and  (c)  observer's  expectations  concerning  tar¬ 
get  location.  In  particular,  it  may  be  expected  that  target  location  will 
be  a  factor  in  the  acquisition  process  when  few  target-to-observer  lines- 
of-sight  are  available.  Location  may  also  be  a  factor  when  targets  arc 
located  in  an  area  infrequently  searched  by  an  observer.  Finally,  loca¬ 
tion  is  important  when  target  locations  and  observer  expectations  about 
target  location  are  significantly  disparate. 
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Position  of  the  illumination  source.  As  discussed  earlier  in  this 


review,  in  nature,  the  r  n  and  the  moon  arc  the  significant  sources  of 
illumination.  If  the  time  for  data  collection  is  sufficiently  long  during 
an  acquisition  study,  it  will  be  observed  that  the  elevation  of  the  ap¬ 
propriate  illumination  source  (c.g.,  the  sun  or  moon)  will  vary  with 
respect  to  the  observer  and  the  target.  In  addition,  the  azimuth  of  the 
illumination  source  may  also  vary  depending  on  target  and  observer  posi¬ 
tions.  Both  laboratory  and  field  studies  have  shown  that  these  changes 
in  the  position  of  the  illumination  source  significantly  affect  the  tar¬ 
get  acquisition  process. 

Gordon  and  Lee*^  studied  the  effects  of  variations  in  illuminator 
azimuth  and  elevation  in  a  model  simulator  study  conducted  in  the  labora¬ 
tory.  Targets  in  this  investigation  were  olive  drab  colored  military 
personnel  and  vehicular  models.  The  dependent  variable  in  this  study  was 
the  range  at  which  targets  were  detected.  This  study  was  conducted  under 
two  illumination  conditions:  .02  foot-candles  (three-quarter  moon  il¬ 
lumination)  and  2  foot-candles  (mortar  flare  illumination).  Detection 
threshold  functions  ro-iating  the  range  of  the  targets  at  detection  to  the 
illuminator  azimuths  and  elevations  investigated  in  the  study  were  sep¬ 
arately  developed  for  each  illumination  condition.  These  functions  were 
similar  for  both  illumination  levels,  with  the  higher  illumination  level 
being  associated  with  better  acquisition  performance.  For  source  azimuths 

10^D.  Gordon  and  G.  Lee.  Model  Simulator  Studies  -  Visibility  of  Military 
Targets  as  Eclated  to  Illwninant  Position,  University  of  Michigan, 

Ann  Arbor,  March  1959. 


-  82  - 


varying  from  18  degrees  through  45,  90  and  135  degrees  to  180  degrees,  it 
was  found  that  the  detection  ranges  were  longest  for  the  end  point  azi¬ 
muths  (18  and  180  degrees)  and  shortest  for  the  middle  azimuths  (45,  90 
and  135  degrees).  For  source  elevations  varying  from  5  degrees  through 
45,  90,  and  135  degrees  to  175  degrees,  it  was  found  that  the  detection 
ranges  were  also  longest  for  the  end  point  elevations  (5  and  175  degrees) 
and  shortest  for  the  middle  elevations  (45,  90,  and  135  degrees).  In  par¬ 
ticular,  the  45  degree  elevation  produced  the  shortest  detection  ranges. 
These  results  were  Interpreted  in  terms  of  changes  in  the  target/background 
brightness  contrast  that  occurred  as  a  function  of  changes  in  the  azimuth 
and  elevation  of  the  light  source.  In  particular,  it  was  observed  that  if 
a  target  was  illuminated  directly  from  the  front  (18  degree  azimuth  and  4 
degree  elevation),  it  appeared  lighter  than  the  background  and,  thus,  had 
high  contrast.  As  the  amount  of  direct  frontlighting  decreased  due  to 
changes  in  azimuth  or  elevation,  it  was  observed  that  targets  became  darker 
and  contrast  decreased.  As  the  amount  of  direct  backlighting  Increased, 
it  was  observed  that  targets  began  to  cast  distinct  shadows  which  tended  to 
Increase  their  contrast.  Finally,  as  targets  were  illuminated  directly 
from  the  rear  (180  degree  azimuth  and  175  degree  elevation),  target  shadows 
became  maximally  distinct  and  contrast  was  at  its  highest.  Thus,  the 
superiority  of  acquisition  performance  for  front  and  rear  illuminated  tar¬ 
gets  appeared  to  be  due  to  high  target/background  contrasts  produced  by 
front  and  rear  lighting  of  the  targets.  These  results  thus  suggest  that 
in  field  situations  the  position  of  the  source  with  respect  to  observer 
and  target  positions  should  be  an  important  factor  in  the  acquisition  pro¬ 
cess.  Field  investigations  of  acquisition  support  this  conclusion. 
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Cavlness  and  Maxey  studied  the  effect  of  Illuminator  position  on  the 

acquisition  of  moving  personnel  targets  in  an  open  field  during  the 

108 

day.  In  this  investigation  only  two  illuminator  positions  were  studied, 
a  frontlighting  position  and  a  backlighting  position.  Their  results  in¬ 
dicated  that  the  detectability  of  relatively  low  contrast  targets  (green 
uniformed  soldiers)  was  significantly  Influenced  by  illuminator  position, 
while  the  detectability  of  relatively  high  contrast  targets  (black  uni¬ 
formed  soldiers)  was  not.  Further,  it  was  found  that  backlit  targets 
were  detected  at  longer  ranges  and  in  a  shorter  amount  of  time  than  front- 
lit  targets.  These  results  suggest  that  backlighting  probably  facili¬ 
tated  the  detection  process  by  increasing  the  contrast  of  targets  through 
the  casting  of . shadows  toward  observers. 

Similar  results  were  obtained  in  a  study  conducted  by  the  Japanese 
Infantry  School  for  frontlit  and  backlit  targets  under  conditions  of  low 
ambient  illumination.1^  The  illuminant  source  in  this  investigation  was 
the  moon.  The  moon  was  either  behind,  or  in  front  of,  the  observer.  In 
the  former  case,  targets  were  backlit,  while  in  the  latter  case,  they  were 
frontlit.  For  both  single  personnel  and  unit-size  targets,  acquisition 
occurred  at  longer  ranges  under  conditions  of  backlighting. 

Thus,  these  studies  clearly  show  that  the  position  of  the  source  of 
illumination  for  a  field  area  can  have  a  profound  effect  on  the  acqui¬ 
sition  of  military  targets  in  that  area.  However,  it  appears  that  the 
effect  of  illuminator  position  is  dependent  upon  the  relative  contrast  of 

1®®J.  Caviuess  and  J.  Maxey,  op .  cit. 

109"principles  of  Night  Combat,"  op.  cit. 
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the  targets  being  illuminated.  For  low  contrast  targets,  improvements  in 
detetabillty  may  be  expected  as  the  position  of  the  light  source  is 
varied  to  produce  frontlighting  or  b  icklighting.  Further,  it  may  be  ex¬ 
pected  that  target  backlighting  will  be  associated  with  higher  detection 
levels  than  target  frontlighting.  On  the  other  hand,  for  high  contrast 
targets,  it  may  be  expected  that  variations  in  illuminator  position  will 
be  associated  with  only  slight  improvements  in  detectability.  This  is 
because  improvements  in  detectability  through  variations  in  Illuminator 
position  come  through  substantial  increases  in  target  contrast  which  are 
difficult  to  produce  when  contrast  is  already  at  a  high  level. 

Ambient  Temperature.  The  ambient  temperature  of  a  given  geographic 
environment  is  an  obvious  and  easily  measured  characteristic.  With  respect 
to  target  acquisition  performance,  ambient  temperature  is  important  as  it 
may  affect  performance  in  either  a  positive  or  negative  way.  The  tempera¬ 
ture  of  a  given  geographic  area  will  vary  as  a  function  of  its  altitude, 
its  latitude,  the  presence  or  absence  of  certain  terrain  features  (bodies 
of  water,  mountains,  vegetation,  etc.),  time  of  day,  and  season  of  the 
year.  Since  military  operations  are  likely  to  be  conducted  under  almost 
any  temperature  condition,  it  is  important  to  know  what  effect  variations 
in  temperature  have  on  the  acquisition  process.  In  addition,  due  to  the 
presence  of  military  forces  in  geographic  areas  that  have  characteristic 
high  ambient  temperatures  (e.g.,  tropic  areas  such  as  Panama  and  Puerto 
Rico)  or  very  low  ambient  temperatures  (e.g.,  arctic  areas  such  as  Alaska 
and  Iceland),  it  is  important  to  know  if  the  acquisition  process  is  af¬ 
fected  by  extreme  temperatures  and,  if  so,  to  what  extent. 


) 


-  85  - 


None  of  the  studies  reviewed  for  this  report  investigated  the  effect 
of  temperature  variations  on  the  acquisition  process  under  field  condi¬ 
tions.  No  studies  were  located  which  investigated  the  effects  of  extreme 
heat  or  extreme  cold  on  the  acquisition  process.  Most  studies  reviewed 
were  conducted  in  temperate  environments.  In  these  studies  no  mention  was 
made  of  the  effects  of  temperature  on  target  acquisition.  Several  of  the 
studies  reviewed  were  conducted  under  tropic  temperature  conditions,  but 
in  these  investigations  no  mention  was  made  of  temperature  effects  on  tar¬ 
get  acquisition  performance.  Finally,  no  target  acquisition  field  studies 
were  located  which  had  been  conducted  under  arctic  temperature  conditions. 

However,  Sells  and  his  associates  have  reviewed  the  literature  con¬ 
cerning  the  effects  of  heat****  and  cold**1  on  human  performance.  Most  of 
the  research  they  reviewed  was  conducted  in  laboratory  settings.  Several 
interesting  findings  emerged  from  their  work.  With  respect  to  the  effects 
of  heat  (temperatures  above  about  70*F)  on  human  performance,  it  was  found 
that  performance  variations  depended  upon  the  intensity  of  the  heat,  the 
duration  of  exposure  to  the  heat,  the  type  of  task  undertaken,  characte¬ 
ristics  of  the  individuals  performing  the  tasks  under  heat  conditions,  and 
the  presence  or  absence  of  other  stressing  conditions. 

Some  of  their  specific  findings  with  respect  to  heat  were: 

**°M.  Duke,  N.  Findikyan,  J.  Anderson,  and  S,  Sells.  Stress  Reviews: 
Thermal  Stress-Heat,  Technical  Report  No.  11,  Institute  of  Behavioral 
Research,  Texas  Christian  University,  Fort  Worth,  May  1967. 

***M.  Duke,  N.  Findikyan,  and  S.  Sells.  Stress  Reviews:  Thermal  Stress- 
Cold,  Technical  Report  No.  8,  Institute  of  Behavioral  Research,  Texas 
Christian  University,  Fort  Worth,  May  1967. 
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(1)  In  general,  the  greater  the  Intensity  of  ‘.eat,  the  greater 
the  decrement  in  performance. 

(2)  In  general,  tolerance  time  decreased  as  the  intensity  of 
heat  Increased  and  performance  exhibited  greater  decrements  with  longer 
exposure  times. 

(3)  In  general,  there  was  a  greater  consistency  for  physical 
tasks  to  show  impairments  under  extreme  heat  conditions  than  mental  tasks. 
However,  vigilance  tasks,  which  are  very  similar  to  acquisition  tasks, 
appeared  to  show  reliable  decrements  as  temperature  increased. 

(A)  As  the  task  load  (Increased  number  of  tasks)  was  Increased, 
the  amount  of  decrement  as  a  function  of  Increments  in  the  amount  of  heat 
also  Increased. 

(5)  Acclimatized  subjects  were  found  to  perform  better  than 
unacclimatized  subjects. 

(6)  Unskilled  or  inexperienced  subjects  showed  greater  perfor¬ 
mance  decrements  than  skilled  or  experienced  subjects. 

(7)  Highly  motivated  subjects  were  found  to  resist  the  effects 
of  heat  on  performance  better  than  less  motivated  subjects. 

(8)  Such  factors  as  high  humidity,  low  air  movement,  and  fatigue 
when  combined  with  high  temperatures  accentuated  the  effects  of  heat. 

With  respect  to  the  effects  of  cold  (temperatures  below  about  70*F) 
on  human  performance,  Duke,  Flndlkyan  and  Sells  found  that  the  major  ef¬ 
fect  of  cold  was  to  produce  performance  decrements  in  tasks  for  which  fine 
manual  dexterity  was  important  for  successful  task  completion.  Few  studies 
were  found  by  these  researchers  Involving  visual  tasks.  However,  the  evi¬ 
dence  from  these  few  studies  Indicate  that  performance  in  visual  tasks  with 
no  component  of  manual  dexterity  did  not  decline  under  conditions  of  cold. 
Kobrick,  however,  has  reported  performance  decrements  for  visual  acuity  and 
depth  judgment  tasks  as  a  function  of  cold  temperatures.  ‘ 
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J.  Kobrick.  "Environmental  Factors  Affecting  Visual  Perception,"  in 
US  Army  Human  Factors  Research  arid  Development  Conference  Report,  Six¬ 
teenth  Annual  Conference,  Fort  Bliss,  Texas,  October  1970,  pp  165-178. 


Thus,  Che  research  on  Che  effecCs  of  ccmperacure  on  human  performance 

indicates  chat  under  either  temperature  extreme,  deterioration  in  human 

performance  may  occur.  With  respect  to  heat  conditions,  it  may  be  that 

to  the  extent  the  acquisition  task  is  similar  to  vigilance  tasks,  some 

performance  decrements  will  likely  occur  in  field  situations.  This  effect 

will  be  marked  if  extended  operations  under  temperatures  exceeding  approxi- 
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mately  90*F  are  contemplated.  Further,  it  may  be  expected  that  un¬ 
skilled  observers  or  unmotivated  observers  will  show  substantial  decrements 
in  performance  relative  to  skilled  or  experienced  observers.  With  respect 
to  cold  conditions,  losses  in  visual  acuity  or  reduced  depth  perception  may 
occur.  Visual  acuity  or  depth  perception  will,  in  turn,  almost  certainly 
affect  target  acquisition  performance.  Since  US  military  operations  are 
likely  to  be  conducted  in  the  future  under  almost  any  environmental  condi¬ 
tion,  it  would  appear  that  the  effect  of  temperature  on  the  acquisition 
process  would  be  an  appropriate  area  for  research.  From  such  research, 
more  definite  statements  with  respect  to  the  effects  of  heat  and  c.^ld  vari¬ 
ations  and  extremes  on  target  acquisition  performance  could  be  made. 

Task  Characteristics 

Conceptually,  all  target  acquisition  studies  Involve  a  minimum  of 
three  basic  components:  a  target,  a  context  in  which  the  target  appears, 
and  an  observer.  The  manner  in  which  these  components  are  related  depends 
on  the  rules  and  procedures  governing  the  conduct  of  the  task.  It  is  the 
purpose  of  this  section  of  the  review  to  consider  and  discuss  the  effects 
of  variations  in  task  rules  and  procedures  on  the  acquisition  process. 

Duke,  N.  Findikyan,  J.  Anderson,  and  S.  Sells,  op.  cit.,  p.  29. 
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Observer  movement.  In  some  military  situations  it  can  be  expected 


that  the  observer  will  move  as  he  attempts  to  acquire  a  target.  In  other 
situations  the  observer  will  have  to  remain  stationary  as  he  attempts  his 
task.  Field  research  has  found  that  observer  movement  can  affect  acqui¬ 
sition  performance. 
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For  example,  Caviness  and  Maxey  studied  the  effect  of  observer 
movement  on  the  detection  of  advancing  (walking)  personnel  targets  In  an 
open  field  area.  In  this  investigation,  both  moving  and  stationary  ob¬ 
servers  searched  for  single  personnel  targets  dressed  in  olive  drab 
colored  uniforms.  The  targets  advanced  from  the  end  of  a  long  (1200 
meters)  field  covered  in  tall  grasses.  They  found  that  the  moving  ob¬ 
servers  acquired  targets  sooner  and  at  longer  ranges  (average  detection 
time  -  36.5  seconds  and  average  detection  range  -  1053.3  meters)  than  did 
the  stationary  observers  (average  detection  time  ■  76.5  seconds  and 
average  detection  range  -  1004.5  meters).  Statistically,  however,  only 
detection  times  were  different  for  the  two  conditions  of  observer  movement. 

However,  Anstey*^  reviewed  studies  of  target  detectability  in  various 
forested  areas  and  noted  that  observer  movement  provided  only  a  slight  ad¬ 
vantage  in  the  detection  of  stationary  targets  in  a  mid-latitude  mixed 
forest.  In  this  investigation,  a  stationary  observer  detected  a  stationary 
personnel  target  dressed  in  an  OG  107  uniform  at  an  average  distance  of  70 
feet  [21  meters).  However,  in  the  same  area,  an  observer  who  moved  away 
from  the  stationary  target  detected  the  target  at  an  average  distance  of 
77  feet  [24  meters2.  Thus,  for  this  experimental  situation,  observer 
movement  did  not  improve  target  acquisition  performance. 

Caviness  and  J.  Maxey,  op.  ait. 

HSR.  Anstey,  op.  ait.,  1964. 
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Taken  together,  these  results  Indicate  that  observer  movement  may  be 
a  significant  factor  in  the  acquisition  process,  but  only  when  the  target 
is  also  moving.  This  is  probably  due  to  the  fact  that  moving  observers 
generate  qualities  of  movement  perspective  (e.g.,  motion  parallax)  that 
tend  to  accentuate  the  slight  lateral  displacements  of  moving  targets 
when  they  advance  toward  or  move  away  from  an  observer.  However,  it  should 
be  pointed  out  that  these  results  were  obtained  in  two  separate  studies 
conducted  in  two  distinctly  different  terrain  areas  (in  one  study,  an  open 
field;  in  the  other,  a  forested  area).  As  a  consequence,  it  would  be  ap¬ 
propriate  to  investigate  these  conclusions  under  the  same  environmental 
conditions  to  determine  their  overall  validity  and  generality. 

Size  Of  search  area.  It  has  been  found  that  variations  in  the  sire 
of  the  area  to  be  searched  during  an  acquisition  task  are  related  to  the 
quality  of  acquisition  performance. 

For  example,  in  a  laboratory  detection  situation,  Brody,  Corbin,  and 
Vnlkman^**  investigated  the  effect  of  target  brightness  and  search  area 
site  on  the  acquisition  of  small  circular  targetB.  They  found  that  both 
the  target  brightness  and  the  sire  of  the  search  area  significantly  af¬ 
fected  the  percentage  of  the  targets  detected.  For  very  bright  targets 
(13.5  foot-lamberts) ,  acquisition  performance  was  almost  perfect  over  the 
entire  range  of  search  areas  Investigated  (32,  64,  96,  128,  and  158  degree 
search  areas).  However,  for  very  dim  targets  (0.58  foot-lnmberts) ,  the 
percentage  of  targets  detected  decreased  as  the  size  of  the  search  area 
was  increased  over  the  range  from  32  to  158  degrees. 

^1®H.  Brody,  H.  Corbin,  and  J.  Volkman.  "Stimulus  Relations  and  Methods  of 
Visual  Search,"  in  A.  Morris  and  E.  Horne  (cds.),  Visual  Search  Tech¬ 
niques,  Publication  712,  National  Academy  of  Science,  Washington,  D.C., 
1960. 
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Similar  results  were  obtained  by  Johnston^^  with  respect  to  the 
effects  of  search  area  size  on  target  acquisition  performance.  In  this 
laboratory  study,  observers  were  required  to  locate  target  objects  em¬ 
bedded  in  displays  of  similar  target-like  objects.  Three  search  area  sizes 
were  Investigated:  11.25,  22.50,  and  45.00  degrees.  For  all  search  areas, 
the  size  of  the  target  and  target-like  objects  and  object  density  (number 
of  objects  per  unit  area)  were  held  constant.  As  a  consequence,  the 
between-ebject  distances  were  kept  relatively  equal  and  the  overall  dis¬ 
play  appeared  relatively  uniform  to  the  observers.  It  was  found  that  as 
the  size  of  the  search  area  increased,  the  amount  of  time  required  to 
locate  the  embedded  target  object  also  increased  in  a  linear  manner.  How¬ 
ever,  it  should  be  mentioned  that  since  object  density  was  kept  constant 
across  the  three  search  areas,  search  area  size  was  partially  confounded 
with  the  total  number  of  objects  to  be  searched.  As  a  consequence,  the 
above  result  may  have  also  been  partially  due  to  the  increased  number  of 
objects  that  had  to  be  searched  in  order  to  locate  the  target  object. 

The  effect  of  variations  in  search  area  size  on  detection  performance 
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has  also  been  studied  by  Krendel  and  Wodinsky  in  a  series  of  laboratory 
investigations.  The  experimental  situation  in  these  studies  required  ob¬ 
servers  to  find  a  small  visual  target  in  a  broad  unstructured  surround  (a 
white  screen  84  inches  [2.1  meters]  wide  by  91.5  inches  [2.3  meters]). 

The  results  of  these  studies  showed  that  as  the  size  of  the  search  area 

Johnston.  Scai'ch  Performance  an  a  Function  of  Peripheral  Acuity , 

Research  Report  D6-57100,  Boeing  Company,  June  1975. 

*^®E.  Krendel  and  J.  Wodinsky.  "Visual  Search  in  Unstructured  Fields," 
in  A.  Morris  and  E.  Horne  (eds.).  Visual  Search  Techniques ,  Publication 
712,  National  Academy  of  Science,  Washington,  D.C.,  1960. 


•  -  91  - 


was  increased  from  6.8  decrees  through  18  and  32  degrees  to  63  degrees, 
the  percentage  of  targets  detected  decreased,  while  the  amount  of  time 
required  for  detecting  the  target  Increased. 

Finally,  in  a  series  of  studies  conducted  by  Bunks  and  his  associates 

1 1 9 

at  the  Hunter-Liggett  Military  Reservation,  the  effect  of  variations 
in  search  area  sire  on  detection  performance  (percent  detections)  using 
passive  night  vision  devices  was  assessed  under  field  conditions.  In  the 
first  of  these  studies,  Banks,  et  al.,  varied  the  search  area  size  under 
three  illumination  conditions:  starlight,  half-moon,  and  full  moon  il¬ 
lumination.  This  effect  was  seen  to  hold  over  all  devices  tested.  At  the 
starlight  level  of  illumination,  a  decrease  in  the  sire  of  the  search  area 
from  75  degrees  to  either  35  or  25  degrees  resulted  in  only  small  or  no 
improvements  in  acquisition  performance.  These  results  were  for  targets 
exposed  for  120  seconds.  With  shorter  exposure  times  lor  targets  (from 
15  seconds  to  90  seconds  in  15-second  increments),  the  improvement  that 
resulted  from  a  decrease  in  the  search  area  was  substantial  under  both  the 
starlight  and  full-moon  illumination  conditions.  Similar  improvements  in 

performance  were  obtained  in  the  second  study  of  this  series  as  the  size 
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of  the  search  area  was  reduced  from  75  to  35  degrees. 

The  resiles  of  botli  the  laboratory  and  field  research  indicate  that 
as  the  serrch  area  is  reduced,  generally  the  percentage  of  targets  detect¬ 
ed  improves  with  reductions  in  the  time  required  to  detect  targets.  In 
addition,  these  results  indicate  that  the  effects  of  reductions  in  searcli 

Banks,  ft  nl.,  op.  oit. ,  1971. 

^°J,  Banks,  J.  Sternberg,  B.  Cohen,  and  C.  Debow,  op.  cit. 


area  size  appear  to  be  dependent  upon  the  brightness  of  the  target,  the 
ambient  illumination  level  of  the  surround  and  target  exposure  time. 
Finally,  these  results  imply  that  it  is  exceedingly  Important  to  control 
the  amount  of  area  searched  during  an  acquisition  study  or  in  a  combat 
situation,  since  the  amount  of  area  searched  will  tend  to  affect  the  per¬ 
centage  of  targets  detected  and/or  the  time  required  for  detection. 

Practice  effects.  While  an  observer  may  bring  specific  skills  and 
experience  to  an  acquisition  situation  which  can  assist  in  the  successful 
completion  of  the  acquisition  task,  it  is  likely  that  with  repeated  prac¬ 
tice  an  observer's  performance  will  also  show  some  improvement.  This 
could  be  due  to  the  operation  of  several  factors.  With  practice  the  ob¬ 
server  may  learn  to  expect  targets  to  appear  only  in  certain  areas  and,  as 
a  consequence,  he  will  attend  to  just  those  areas  during  his  search.  Ad¬ 
ditionally,  with  practice,  he  may  change  his  search  strategy  until  he  hits 
on  a  strategy  that  results  in  a  greater  number  of  successful  acquisitions. 
Finally,  with  practice,  his  reaction  time  may  show  Improvements  which  are 
reflected  in  shorter  acquisition  times  and  longer  acquisition  ranges. 

Only  a  limited  number  of  field  acquisition  studies  have  focused  on  prac¬ 
tice  effects  in  target  acquisition.  These  studies  have  failed  to  yield 
evidence  consistent  for  the  existence  of  practice  effects.  For  example, 
Caviness  and  Maxey^*  (in  several  similar  acquisition  studies  conducted 
in  an  open  terrain  area  during  the  daytime,  using  olive  drab  uniformed 

personnel  targets)  found  that  the  average  detection  time  decreased  and  the 
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average  detection  range  increased  with  practice.  Gordon  and  Lee  found 

Caviness  and  J.  Maxey,  op.  oit. 

Gordon  and  G.  Lee,  op.  cit. 
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similar  improvements  in  detection  performance  ns  n  function  of  practice. 
These  workers  used  a  laboratory  simulation  of  a  ground  acquisition  situ¬ 
ation  and  conducted  their  investigation  under  low  ambient  light  conditions. 


However,  other  studies  on  the  acquisition  process  report  no  improve- 

i 

went  in  acquisition  performance  as  a  function  of  practice.  Dobbins  and 

i  *>  a  in 

his  associates  '  at  the  Tropic  Test  Center  in  the  Panama  Canal  Zone 
consistently  failed  to  find  any  practice  effects  for  acquisition  perfor¬ 
mance.  In  these  studies  observers  attempted  to  detect  personnel  targets 
in  dense  tropical  forest  situations  under  conditions  of  low  to  moderate 


Illumination. 


The  basis  for  these  contradictory  findings  is  not  immediately  clear. 
At  this  point,  without  further  research,  '.t  can  only  be  concluded  that 
practice  effects  may  occur.  As  a  consequence,  the  possibility  of  such 
effects  must  be  taken  into  account  during  the  design  of  investigations  of 
the  acquisition  process. 

Search  method.  In  the  vast  majority  of  field  acquisition  situations, 
it  is  usually  necessary  for  the  observer  to  spend  some  period  of  time  in¬ 
specting  the  visual  environment  for  evidence  of  the  target's  presence. 

This  inspection  process  is  referred  to  as  e<\nWi.  Search  may  bo  conducted 
In  an  uncontrolled  or  unstructured  fashion  or  it  may  be  conducted  by  some 
specified  procedure  or  plan.  Field  research  has  found  that  the  method  of 
search  employed  for  finding  target  objects  can  significantly  affect  the 
quality  of  acquisition  performance,  both  In  terms  of  timi  and  correctness. 


1-^D.  Dobbins,  K.  Chu,  and  C.  Kindick,  <’f'.  cit. 
1-**A.  Dubutsson  and  C.  Kindick,  cit. 
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Thomas  and  Caro^^  studied  the  effect  of  four  different  methods  of 
visual  search  on  the  acquisition  of  stationary  ground  targets  by  military 
observers  in  a  low  flying  aircraft.  In  this  study  the  observers  received 
training  in  a  classroom  situation  in  one  of  the  four  visual  search  proce¬ 
dures  prior  to  the  mcasuronent  of  their  acquisition  performance.  The  four 
procedures  were:  (1)  the  Fotvard  Fixed  Method  —  in  which  the  observer 
looked  forward  at  a  45  degree  angle  to  the  line  of  flight  and  downward  to 
the  terrain  with  his  head  in  a  fixed  position;  (2)  the  Fomard  Movement 
Method  —  in  which  the  observer  initially  looked  forward  at  a  45  degree 
angle  to  the  line  of  flight,  then  swept  his  gaze  back  to  the  rear  of  the 
aircraft,  and  then  repeated  the  procedure;  (3)  the  Fide  Fixed  Method  — 
in  which  the  observer  looked  at  the  terrain  along  a  line-of-sight  perpen¬ 
dicular  to  the  line  of  flight  of  the  aircraft  with  his  head  held  in  a 
fixed  position;  and  (4)  the  Side  Movement  Method  —  in  which  the  observer 
looked  back  and  forth  along  a  line-of-sight  perpendicular  to  the  line  of 
flight  of  the  aircraft.  Subsequent  to  the  classroom  training,  the  obser¬ 
vers  completed  a  field  test  during  daylight  hours  designed  to  evaluate  the 
relative  effectiveness  of  each  of  the  visual  search  methods.  The  results 
of  the  field  test  indicated  that  the  Side  Movement  Method  produced  the 
highest  percentage  of  correct  identifications.  The  two  forward  methods 
( Fomard  Movement  and  Foniaid  Fixed  methods)  produced  the  next  best  acqui¬ 
sition  performance.  Finally,  the  Side  Fixed  Method  was  associated  with 
the  lowest  level  of  acquisition  performance.  Thus,  in  this  case,  the  type 

Thomas  and  P.  Caro.  Training  Rcacaroh  on  Loi'  Altitude  Visual  Aerial 
Oboervation:  A  Decoription  of  Five  Field  Experiments,  HumRRO  Research 
Memorandum,  Human  Resources  Research  Organization,  Alexandria,  Virginia, 
July  1962. 
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of  search  method  employed  by  observers  during  testing  had  a  significant 

effect  on  the  quality  of  acquisition  performance  obtained  during  the  test. 
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Banks  and  his  associates  also  studied  the  effects  of  varying 
search  methods  on  acquisition  performance.  In  this  investigation,  mili¬ 
tary  observers  using  various  passive  night  vision  devices  received 
training  in  specific  search  techniques  delsgned  to  provide  systematic  and 
comprehensive  coverage  of  a  search  area.  These  were:  (1)  the  IHeovto / 
Overlap  Search  Method  —  in  which  the  observer  searched  an  area  in  dis¬ 
crete  steps  such  that  there  was  overlap  between  successively  searched 
areas;  (2)  the  Dieoivtc/Kc-Overlap  Search  Methoii  —  in  which  the  observer 
searched  an  area  in  discrete  steps  such  that  there  was  no  overlap  between 
successively  searched  areas;  and  (3)  the  Continuous  Scaj'ch  Method  —  in 
which  the  observer  searched  an  area  in  a  continuous  movement  at  a  variable 
rate,  stopping  only  to  examine  an  object  of  interest.  Following  this 
training,  the  acquisition  performance  of  the  observers  who  received  the 
special  search  training  was  measured  and  compared  to  that  of  observers  who 
had  received  the  standard  search  training.  This  latter  training  was  de¬ 
signed  to  familiarize  observers  with  the  acquisition  situation  and  the 
basic  acquisition  task.  It  consisted  of  45  minutes  of  free  search  prac¬ 
tice  in  finding  targets.  Evaluation  of  the  various  types  of  training  was 
conducted  under  two  levels  of  low  ambient  illumination  (starlight  and 
full-moon  illumination)  with  targets  at  near,  mid,  and  far  distances. 
Overall,  the  special  training  groups  did  not  differ  significantly  from 
each  other  in  cither  the  percentage  of  targets  detected  or  the  time  re¬ 
quired  for  target  detection.  However,  they  demonstrated  higher  quality 

Banks,  J.  Sternberg,  B.  Cohen,  and  C.  Debow,  op.  cit. 
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acquisition  performance  than  the  standard  training  group,  both  in  terms 
of  improved  percent  detections  and  lowered  detection  time.  The  improve¬ 
ment  demonstrated  by  the  special  training  group  relative  to  the  standard 
training  group  was  less  under  full-moon  than  under  starlight  illumination 
conditions.  Further,  the  relative  improvement  demonstrated  by  the  spe¬ 
cial  training  group  was  gt eater  at  the  for  target  ranges  than  at  the  near 
or  mid  target  ranges.  These  resul's  suggest  that  special  training  design¬ 
ed  to  teach  observers  to  systematically  and  comprehensively  cover  a  given 
search  area  may  prove  superior  to  training  designed  only  to  familiarize 
observers  with  the  acquisition  situation  and  the  basic  acquisition  task. 

On  the  other  hand,  several  studies  have  found  that  special  search 
strategies  do  hot  necessarily  lead  to  improved  acquisition  performance. 

ITT 

Gottsdankcr  *  had  civilian  observers  find  target  objects  of  four  differ¬ 
ent  types  that  appeared  under  conditions  of  embeddedness  or  competition 
(high  similarity  between  target  and  non-target  objects).  Observers 
searched  alternately,  employing  two  search  strategies.  One  strategy  was 
"free  search";  that  is,  they  could  search  in  any  manner  they  chose.  The 
alternate  strategy  was  an  item-by-item  examination  of  all  the  objects  in 
the  display.  For  both  acquisition  situations  (embeddedness  and  compe¬ 
tition)  the  average  detection  time  was  lower  for  the  free  search  than  for 
the  structured  search  strategy. 

*^R.  Gottsdankcr,  "The  Relation  Between  the  Nature  of  the  Search  Situ¬ 
ation  and  the  Effectiveness  of  Alternative  Strategies  of  Sectors," 
in  A.  Morris  and  F.  Home  (eds.),  Visual  Scat vh  Techniques,  Publication 
712,  National  Academy  of  Science,  Washington,  P.C.,  1960. 
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Baldwin  also  found  that  structured  search  docs  not  necessarily 
lead  to  improved  acquisition  performance .  In  a  scries  of  four  laboratory 
experiments,  military  obsen-  rs  employed  either  free  search  or  one  of  two 
structured  search  strategies  to  acquire  near-threshold  spherical  targets 
presented  against  an  open,  bright  background.  Collectively,  the  results 
of  the  investigations  indicated  that,  when  compared  to  the  free  search 
strategy,  the  structured  search  strategies  did  not  produce  shorter  acqui¬ 
sition  times. 

Overall,  these  results  clearly  indicate  that,  in  certain  circum¬ 
stances,  the  type  of  visual  search  strategy  employed  by  an  observer  can 
affect  the  quality  of  his  acquisition  performance.  Thus,  in  studies  of 
the  acquisition' process,  data  should  be  recorded  which  reflect  the  search 
strategy  employed  by  the  observer.  Such  a  procedure  will  account  and  con¬ 
trol  for  differences  in  acquisition  performance  due  to  search  strategy 
variations.  Further,  if  a  particular  search  strategy  has  been  tested  and 
validated  with  respect  to  its  effectiveness,  then  it  may  be  appropriate  to 
require  observers  to  use  this  strategy  to  improve  their  performance. 

In  addition,  these  results  Indicate  that  whether  or  not  a  particular 
search  strategy  will  be  superior  to  a  free  strategy  depends  upon  condi¬ 
tions  which  are  not  totally  clear  at  this  particular  time.  The  results  of 
the  studies  conducted  by  Banks  and  his  associates  suggest  that  the  effec¬ 
tiveness  of  specific  search  strategies  can  be  dependent  upon  both  target 
and  environmental  variables.  This  would  imply  that  the  failure  to  find  a 

W8R.  Baldwin.  Attcnpts  to  Improve  Visual  Detection  Through  the  Use  of 
Search  Patterns  and  Optical  Aide ,  HumRRO  Technical  Report  73-3,  Human 
Resources  Research  Organization,  Alexandria,  Virginia,  February  1973. 
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relationship  between  variations  in  search  strategy  and  acquisition  perfor¬ 
mance  in  some  instances  may  be  due  to  operation  of  certain  target  and/or 
environmental  factors.  This  is  an  area  that  should  receive  attention  in 
future  target  acquisition  research. 

Duration  of  observation.  Experimental  studies  of  the  acquisition 
process  are  usually  designed  so  that  individual  observations  require  rela¬ 
tively  small  amounts  of  time,  e.g.,  seconds  or  minutes.  In  some  studies, 
observers  make  only  a  few  observations  in  an  experimental  session.  Gener¬ 
ally,  these  observations  a:e  completed  successively  with  either  short  or 
only  moderately  long  intertrial  intervals.  In  other  cases,  observations 
are  grouped  into  blocks  of  trials  and  completed  over  a  number  of  experi¬ 
mental  sessions^  Under  either  of  these  conditions,  however,  the  total 
amount  of  time  actually  spent  in  the  acquisition  of  targets  is  usually  not 
very  long,  e.g.,  at  most  one  or  two  hours. 

There  are  several  reasons  for  limiting  time  requirements  in  target 
acquisition  situations.  First,  due  to  either  personal  or  job  commitments, 
observers  are  usually  available  for  use  in  an  acquisition  study  for  only 
limited  periods  of  time.  Thus,  it  is  to  the  experimenter's  advantage  to 
design  his  acquisition  situations  so  that  the  most  can  be  obtained  from 
an  observer  in  a  minimum  amount  of  time.  Second,  for  reasons  of  good 
experimental  design,  it  is  often  necessary  to  keep  the  number  of  obser¬ 
vations  made  by  a  given  observer  to  a  minimum.  While  this  procedure  avoids 
such  problems  as  the  development  of  interdependencies  among  observations 
and  minimizes  practice  effects,  it  also  acts  to  minimize  the  amount  of 
time  actually  spent  acquiring  targets.  Finally,  the  probability  of  per¬ 
formance  decrements  due  to  fatigue  or  boredom  is  greatly  reduced  by 
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designing  studies  to  minimize  observer  experimental  time  In  a  given  data 
collection  session. 

However,  in  a  realistic  combat  situation,  it  cannot  be  expected  that 
the  acquisition  task  will  be  conducted  for  only  short  periods  of  time. 

In  particular,  it  ir  anticipated  that  future  military  operations  will  be 
conducted  on  a  continuous  basis  during  both  day  and  night  hours.  Thus, 
it  may  be  expected  that  acquisition  tasks  in  these  situations  may  be  per¬ 
formed  for  relatively  long  periods  of  time  on  a  continuous  basis.  As  a 
consequence,  it  is  important  to  determine  if  prolonged  observation  is 

associated  with  significant  decrements  in  acquisition  performance. 

129 

McGrath,  llarabcdian,  and  Buckner  have  reviewed  the  literature  on 
the  effects  of  task  duration  on  the  performance  of  vigilance  tasks.  Vigi¬ 
lance  tasks  arc  typically  defined  by  the  following  characteristics:  (1) 
the  observer  is  required  to  perceive  and  report  the  presence  or  absence  of 
some  specified  and  relatively  infrequent  change  in  his  environment,  (2) 
the  change  (called  the  signal)  may  be  addition  or  removal  of  a  discrete 
stimulus  or  it  may  be  a  momentary  change  in  a  continuously  presented 
stimulus,  (3)  the  Intensity  of  the  change  is  usually  suprathrcshold ,  but 
not  so  intense  as  to  induce  the  involuntary  attention  of  the  observer,  (4) 
the  time  of  signal  presentation  is  usually  unpredictable  by  the  observer, 
(5)  the  task  generally  is  completed  over  a  relatively  long  period  of  time 
(usually  not  less  than  a  half  hour,  but  for  not  more  than  about  eight  to 
ten  hours),  and  (6)  usually  more  than  just  a  single  momentary  judgment  is 
required  from  the  observer  during  the  course  of  task  completion. 

McGrath,  A.  Harabedian,  and  D.  Buckner,  Review  and  Critique  of  the 
Literature  on  Vigilance  Performance ,  Technical  Report  206-1,  Human 
Factors  Research,  Inc.,  Colcta,  California,  December  1959. 
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These  researchers  report  that  generally  detection  performance  In 
vigilance  situations  declines  with  Increased  time  during  an  experimental 
session.  Experimental  work  conducted  in  the  late  1940s  and  early  1950s 
indicated  that  performance  decrements  usually  occur  within  the  first  10 
to  30  minutes  of  task  performance.  After  this  initial  decrement,  perfor¬ 
mance  tends  to  stabilize  at  a  reduced  level  of  signal  detection.  Later 
experiments,  however,  have  indicated  that  this  decrement  in  performance 
appears  to  reach  a  maximum  for  most  observers  after  about  15  minutes  of 
task  performance.  Further,  they  report  there  is  some  evidence  that  slight 
performance  Improvements  occur  during  the  first  few  minutes  of  task  per¬ 
formance.  Finally,  they  found  that,  for  the  same  observers,  vigilance 
performance  was  poorer  during  an  afternoon  vigilance  session  than  during 
a  morning  session. 

The  experimental  t/idonce  reviewed  by  these  researchers  indicated  a 

well-defined  relationship  between  time  on  task  and  vigilance  performance 

for  a  single  or  interrupted  (session  included  scheduled  breaks)  vigilance 

session.  However,  the  course  of  vigilance  performance  from  day  to  day  was 

not  readily  apparent  from  the  experimental  literature.  In  seme  research, 

it  was  found  that  from  the  first  to  the  second  or  third  days,  vigilance 

performance  showed  improvements  and  then  on  following  days  a  tendency 
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toward  stabilization.  Lindsley,  £t  al. ,  investigated  vigilance  per¬ 
formance  over  17  days  and  found  that  task  performance  was  poorer  on  the 
later  days  than  on  the  first  few  days. 

*30d.  Lindsley,  et  al.  Radar  Operator  "Fatigue":  The  Effects  of  Length 
and  Repetition  of  Operating  Periods  on  Efficiency  of  Performance , 

Report  No.  SR0  3334,  Office  of  Scientific  Research  and  Development, 
1944. 
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Thus,  this  information  clearly  suggests  that  a  vigilance  decrement 
may  ba  expected  in  the  first  10  to  30  minutes  of  a  session.  In  addition, 
betveen-aesslon  decrements  may  occur,  but  it  la  not  clear  how  many  con¬ 
secutive  dally  seaalons  must  be  completed  before  such  decrements  occur. 

From  these  findings  it  may  be  expected  then,  that  to  the  extent  a  target 
acquisition  situation  can  be  characterized  as  a  vigilance  situation,  per¬ 
formance  decrements  will  occur  as  time  on  the  task  increases.  Thus,  for 
example,  it  might  be  expected  in  a  field  situation  where  an  observer  had 
to  monitor  a  relatively  small  area  of  ground  for  targets  appearing  in¬ 
frequently,  performance  decrements  in  acquisition  would  occur  with 
Increased  time  on  the  job.  However,  until  such  research  is  conducted, 
the  effect  of  continuous  observation  on  a  vigilance-like  target  acquisi¬ 
tion  task  cannot  be  precisely  determined. 
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Deesc  has  reviewed  some  of  the  early  literature  on  the  effects  of 
prolonged  work  on  the  performance  of  active  visual  tasks.  Active  tasks 
were  defined  as  those  which  involved  the  continuous  use  of  the  oculomotor 
system  and  required  more  or  less  continuous  mental  operation.  He  con¬ 
cluded  that  relatively  long  periods  of  work  at  active  tasks  were  associated 
with  no  or  little  deterioration  in  the  capacity  for  continued  visual  work. 
However,  a  decrement  could  be  expected  if  the  situation  was  complicated  by 
loss  of  sleep,  anoxemia  (low  level  of  oxygen  in  the  blood),  or  the  presence 
of  drug  effects.  In  addition,  he  found  that  continuous  work  at  these  tasks 
was  often  associated  with  reports  of  depression,  headaches,  feelings  of 
tiredness,  and  irritability.  Further,  there  was  some  evidence  of  in¬ 
creased  somatic  muscle  tension  with  prolonged  work. 

Decse.  Change o  in  Visual  Fcrfoinanoc  After  Vioual  Work,  Johns 
Hopkins  University,  Baltimore,  Maryland,  April  1957. 
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Deese's  conclusions  with  respect  to  the  course  of  prolonged  perfor¬ 
mance  of  active  visual  tasks  suggest  that,  to  the  extent  a  visual 
acquisition  task  can  be  characterized  as  an  active  task,  it  can  be  ex¬ 
pected  that  performance  decrements  will  not  occur  or  will  be  minimal  as 
a  function  of  increased  observation  time.  This  assumes  that  the  acquisi¬ 
tion  situation  is  not  complicated  by  losses  in  sleep,  anoxemia,  or  drug 
effects.  Recent  research  by  Drucker,  Cannon,  and  Ware1 ^  tends  to  sup¬ 
port  these  conclusions.  These  workers  studied  the  acquisition  performance 
of  military  observers  in  a  laboratory  situation  designed  to  assess  the 
course  of  prolonged  performance  on  an  acquisition  task.  The  acquisition 
task  in  this  study  required  observers  to  detect  flashes  of  light  pre¬ 
sented  at  an  average  rate  of  six  flashes  per  minute.  The  flashes  appeared 
at  irregular  intervals  in  randomly  located  areas  on  a  larp,o  screen 
(divided  into  four  quadrants)  located  23  feet  [seven  meters]  from  the 
observers.  When  a  signal  was  detected  the  observer  pressed  one  of  four 
response  buttons  located  on  a  panel  directly  in  front  of  him.  The 
response  buttons  corresponded  to  the  quadrants  of  the  screen.  The  obser¬ 
ver  was  required  to  press  the  button  that  corresponded  to  the  quadrant 
in  which  the  signal  occurred.  Titus,  while  this  task  was  basically  a 
vigilance  task  with  a  moderate  to  high  signal  rate,  in  practice  it  was  an 
active  task  in  that  it  requited  observers  to  continuously  use  their  eyes 
and  be  mentally  alert. 

The  observers  worked  under  a  specified  schedule  over  a  period  of  48 
hours.  Some  observers  worked  a  total  of  36  hours  spaced  over  24  work 
periods.  Work  periods  were  1.5  hours  long  and  were  followed  by  15-minute 

^•^E.  Drucker,  L.  Cannon,  and  J.  Ware.  The  Effects  of  Steep  Deprivation 
of i  Performance  Over  a  48-Hour  revied,  llumRRO  Technical  Report  69-8, 
Human  Resources  Research  Organization,  Alexandria,  Virginia,  Nay  1969. 
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rest  breaks.  Eight  one-hour  rest  breaks  were  allowed  during  the  work 
schedule.  Other  observers  worked  for  2 7  hours  spaced  over  18  work  peri¬ 
ods.  These  observers  were  allowed  two  five-hour  sleep  periods  in 
addition  to  the  standard  15-nlnute  rest  breaks  that  followed  work  peri¬ 
ods  and  the  eight  one-hour  rest  periods.  Thus,  these  procedures  defined 
two  basic  work  groups:  the  no-sleep  group  and  the  sleep  group. 

For  the  no-sleep  group,  task  performance  varied  with  the  time  of  day, 
with  significant  decrements  occurring  during  the  evening  hours  followed 
by  some  (though  not  complete)  recovery  during  daytime  hours.  In  addition, 
the  no-sleep  group  showed  much  greater  performance  decrements  during  the 
evening  hours  of  the  second  night  when  compared  to  those  of  the  first 
night.  The  sleep  group,  on  the  other  hand,  tended  to  show  no  performance 
decrements  from  the  first  day  of  work  to  the  second  day  of  work.  However, 
the  sleep  group  did  not  work  during  the  evening  hours  —  the  time  when 
decrements  might  have  been  expected.  In  comparing  the  two  groups'  per¬ 
formance  during  daytime  (normal  waking)  hours,  no  significant  differences 
were  found,  although  the  sleep  group  did  tend  to  perform  at  a  somewhat 
higher  level.  These  results  clearly  show  that  acquisition  performance  was 
affected  by  extended  activity  for  only  those  observers  who  received  no 

sleep  and  then  just  during  the  period  when  they  normally  slept. 

1  *1*1  * 

Ainsworth  and  Bishop*'’-’  have  also  studied  the  effects  of  extended 
operations  on  the  acquisition  performance  of  observers.  In  this  investi¬ 
gation  observers  either  worked  continuously  for  48  hours  without  sleep  or 
for  48  hours  with  24-hour  rest  periods  between  each  12  hours  of  work.  Two 

Ainsworth  and  H.  Bishop.  The  Ff feats  of  a  48-Hour  Period  of  Sus¬ 
tained  Field  Activity  on  Tank  Crew  Tcrfomcmcc ,  HumRRO  Technical 
Report  71-16,  Human  Resources  Research  Organization,  Alexandria, 
Virginia,  July  1971. 
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types  of  acquisition  situations  were  studied:  a  "passive  task"  and  a 
"moving  task."  In  the  passive  task  situation  observers  acquired  tanks, 
trucks,  and  groups  of  troops  located  at  ranges  from  220  to  1010  meters  at 
various  azimuths.  This  task  was  performed  only  during  daylight  hours. 

In  the  moving  task  situation  tank-mounted  observers  detected  teams  of 
personnel  firing  a  crew-served  machlnegun  while  moving  past  the  machine- 
gun's  position.  This  task  was  completed  both  under  conditions  of  night 
and  daytime  Illumination. 

In  the  passive  task  situation  the  observers  who  rested  (24  hours)  be¬ 
tween  test  periods  generally  detected  more  targets  in  shorter  periods  of 
time  than  the  observers  who  worked  continuously.  In  addition,  there  was 
a  tendency  for  both  groups  of  observers  to  Improve  In  their  performance 
with  practice.  In  the  moving  acquisition  task  situation  over  successive 
12-hour  test  periods,  the  observers  who  were  allowed  rest  showed  succes¬ 
sive  improvements  in  performance  through  the  third  12-hour  test  period 
and  a  slight  drop  from  the  third  to  the  fourth  12-hour  test  period.  The 
performance  of  observers  who  received  no  interpolated  rest  declined  from 
the  first  to  the  second  12-hour  test  period  followed  by  n  general  improve¬ 
ment  in  performance  with  each  successive  test  period.  Overall,  the 
performance  of  the  observers  who  rested  was  superior  to  the  performance  of 
those  who  did  not  rest.  Collectively,  these  results  indicate  that  the 
efficiency  of  the  observers  who  worked  continuously  was  reduced  compared 
to  the  performance  of  those  receiving  interpolated  rest  over  the  48-hour 
test  period. 

Banks,  Sternberg,  Farrell,  Debow,  and  Dalhamcr  studied  the  effect  of 
prolonged  activity  on  the  performance  of  an  acquisition  task  using  a 


Starlight  Scope  under  starlight  and  full-moon  illumination  conditions.1"*4 
Performance  was  measured  in  terms  of  the  percentage  of  targets  detected 
and  the  time  required  for  detection.  The  observers'  acquisition  perfor¬ 
mance  was  measured  twice  in  this  investigation:  after  15  hours  of 
activity  (which  included  two  hours  of  training  in  the  use  of  the  Starlight 
Scope)  and  24  hours  after  the  first  testing.  For  both  measures  of  acqui¬ 
sition  performance,  no  performance  decrement  was  observed,  even  though 
prior  to  the  second  testing  the  observers  had  worked  for  39  hours  con¬ 
tinuously  with  only  occasional  naps. 

Similar  results  were  obtained  by  Sternberg  and  Banks. 135  They  studied 
the  performance  of  an  acquisition  task  using  three  night  vision  devices 
under  conditions  of  low  ambient  illumination  for  a  relatively  short  period 
of  continuous  observation  (5.5  hours).  In  particular,  the  performance  of 
observers  using  either  the  Night  Observation  Device,  the  Starlight  Scope, 
or  the  MINI  Crew-Served  Weapon  Sight  did  not  decline  in  the  percent  number 
of  targets  detected  or  the  time  required  for  detection  over  the  5.5  hour 
observation  period  for  comparisons  among  the  first,  middle,  and  end  blocks 
of  trials. 

Collectively,  the  results  of  these  investigations  indicate  that 
whether  performance  decrements  will  occur  in  a  target  acquisition  situation 
depends  on  the  nature  of  the  situation.  For  target  acquisitions  requiring 
vigilance,  performance  decrements  within  a  session  can  be  expected  to  occur 
early  (within  the  first  10  to  30  minutes).  However,  after  the  initial 

J\J.  Banks,  J.  Sternberg,  J.  Farrell,  C.  Debow,  and  W.  Dalhamer.  Effects 
of  Continuous  Military  Operations  on  Selected  Military  Tasks,  Technical 
Research  Report  1155,  US  Army  Behavior  and  Systems  Research  Laboratory, 
Arlington,  Virginia,  December  1970. 

^■^J.  Sternberg  and  J.  Banks,  op.  cit. 


decrement ,  performance  can  be  expected  to  stabilise  at  a  reduced  level  ot 
detection.  Further,  for  repeated  performances  In  this  type  of  situation, 
performance  decrements  may  occur  from  one  session  to  the  next. 

However,  when  the  target  acquisition  situation  requires  active  visual 
performance  (one  In  which  the  oculomotor  system  is  used  without  Interrup¬ 
tion  and  continued  mental  alertness  ts  necessary  for  decision  making),  the 
experimental  evidence  indicates  that  performance  decrements  will  occur 
only  when  the  situation  is  complicated  by  physiologically  debilitating 
events  (loss  of  sleep,  drugs,  anoxemia).  However,  for  example,  when  the 
effects  of  these  events  are  allowed  to  dissipate  (e.g.,  rest  is  allowed), 
performance  decrements  are  not  likely  or  will  only  be  minimal.  Thus,  the 
results  of  the  xtudles  reviewed  In  this  section  of  the  report  clearly  in¬ 
dicate  (a)  that  duration  of  observation  is  an  important  factor  In  the 
acquisition  process,  but  that  (b)  the  effect  of  this  variable  is  highly 
dependent  on  the  parameters  defining  the  situation  at  the  time  of  obser¬ 
vation. 

Observer  Variables 

As  discussed  earlier  in  this  report,  most  research  into  the  acquisi¬ 
tion  process  has  been  concerned  with  the  effects  of  target,  environmental, 
and  task  parameters  on  acquisition  performance.  Usually,  in  studies  of  the 
acquisition  process,  an  attempt  is  made  to  minimise  or  hold  constant  the 
effects  of  observer  differences  on  the  process.  To  this  end,  observers 
arc  selected  to  minimise  individual  differences  and  instructions  are  employ¬ 
ed  tc  standardise  observer  behavior.  Hence,  there  is  very  little  data  on 
the  effect  of  observer  variables  on  acquisition  performance.  While  there 
arc  good  practical  and  experimental  reasons  for  neglecting  the  study  of 
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observer  differences,  nevertheless,  o  complete  understanding  of  the  ac¬ 
quisition  process  is  not  possible  without  consideration  of  the  "human 
clement."  Thus,  it  is  the  purpose  of  this  section  of  the  review  to  con¬ 
sider  observer  differences  as  they  related  to  the  acquisition  process  and 
to  assess  the  Impact  of  these  differences  on  this  process. 

Visual  Acuity 

Target  acquisition  is  basically  a  visual  skill  whose  successful  per¬ 
formance  Is  dependent  to  a  large  extent  upon  the  size  of  target  objects 
and  the  ranges  at  which  these  objects  appear.  Both  size  and  range  are 
related  to  each  other  by  visual  angle.  This  relationship  Is  given  by  the 
equation: 

IVt  m  f 

Tiuigent  ("  )  iVO 

where  IVt  is  the  visual  angle,  c  Is  the  measure  of  size,  and  R  Is  the  meas¬ 
ure  of  range. ^  For  small  angles  (measured  In  radians),  i.e.,  for  angles 
for  which  the  tangent  of  the  angle  is  approximately  equal  to  the  angle  it¬ 
self  (tan  VA  ■  l/l),  this  relationship  slmplles  to  VA  *  c/R. 

One  characteristic  of  the  human  eye  is  its  ability  to  resolve  fine 
detail.  This  ability  is  often  measured  in  terms  of  the  minimum  visual 

angle  that  can  be  resolved  by  the  eye  under  certain  standard  conditions. 
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This  resolution  ability  is  rtlcrred  to  as  the  visual  acuity  of  the  eye. 

For  clinical  and  screening  purposes,  acuity  is  often  measured  by  having 
subjects  read  characters  off  of  standardized  wall  charts  composed  of  rows 

“6C.  Graham.  "Visual  Space  Perception,"  in  C.  Graham  (ed.),  Vivian  and 
Visual  Perception,  New  York:  John  Wiley,  1965. 

Wulfcck,  et  al_. ,  op.  cit. 
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of  letters  or  symbols  subtending  various  visual  angles.  Generally,  these 

charts  arc  designed  such  that  the  visual  characters  on  descending  rews 

come  to  subtend  smaller  and  smaller  visual  angles.  As  a  consequence, 

the  more  descending  rows  that  can  be  accurately  read,  the  better  visual 
1 38 

acuity  Is.  Differences  in  visual  acuity  will  most  certainly  be  associ¬ 
ated  with  corresponding  differences  in  acquisition  performance.  Spe¬ 
cifically,  it  may  be  expected  that  observers  with  "good"  visual  acuity  will 
perform  at  higher  levels,  especially  on  an  acquisition  task  Involving  the 
detection  of  relatively  distant  and/or  small  targets  than  observers  with 

"poor"  visual  acuity. 

139 

Baldwin  investigated  this  possibility  in  a  series  of  laboratory 
studies  Involving  the  acquisition  of  small  black  spherical  targets  pre¬ 
sented  against  a  brightly  lighted  open  background.  In  these  studies 
observers  completed  the  acquisition  task  under  two  sets  of  search  condi¬ 
tions:  free  search  and  structured  search.  Acquisition  performance  was 
measured  in  terms  of  time  required  to  find  the  target.  The  far  visual 
acuity  of  the  observers  (measured  in  terms  of  the  smallest  visual  angle 
that  could  be  detected)  was  determined  using  the  Armed  Forces  Vision 
Tester.  The  measured  visual  acuities  ranged  from  20/20  to  20/13.  Corre¬ 
lations  between  acquisition  performance  (the  time  required  for  detection) 
and  the  measured  visual  acuity  of  the  observers  were  found  to  be  signifi¬ 
cant  in  most  cases.  These  correlations  ranged  from  .39  to  .65  and  averaged 
.50  Further,  the  magnitude  and  significance  of  the  obtained  correlations 
did  not  appear  to  be  related  to  the  method  of  search  employed  by  the 

*38j,  Tiffen  and  E.  McCormick.  Industrial  Psychology ,  Englewood  Cliffs, 

New  Jersey:  Prentice-Hall,  1965. 

Baldwin,  op.  ext.,  1973. 
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observers  during  the  conduct  of  the  acquisition  task.  Thus,  these  re¬ 
sults  suggest  that  measured  visual  acuity  is  likely  to  be  a  significant 
predictor  of  target  acquisition  performance  in  field  situations. 

Similar  results  were  obtained  by  Whitehurst**1®  in  a  laboratory  simu¬ 
lation  designed  to  evaluate  the  detectability  of  variously  camouflaged 
combat  vehicles.  In  this  investigation,  civilian  observers  acquired  scale 
models  of  Armored  Personnel  Carriers  (APCs)  camouflaged  using  several  dif¬ 
ferent  colors  (green,  brown,  tan,  and  black)  and  camouflage  patterns. 

All  targets  were  placed  on  a  terrain  model  that  consisted  of  green  ground 
cover  with  assorted  trees,  sand,  and  rock.  Popending  on  target  location, 
the  APCs  varied  in  size  from  34  to  42  minutes  of  arc  as  measured  from  the 
observer's  eyes.  Three  groups  of  observers  searched  the  terrain  model 
for  the  targets.  Observers  in  the  first  two  groups  each  had  an  oppor¬ 
tunity  to  acquire  33  targets,  while  the  observers  in  the  third  group  had 
an  opportunity  to  acquire  only  13  targets.  Acquisition  performance  for 
each  trial  was  measured  in  terms  of  the  time  required  to  detect  a  target. 
In  addition,  prior  to  the  target  acquisition  trials,  the  far  visual  acuity 
of  each  observer  was  measured  using  the  Armed  Forces  Vision  Tester.  The 
obtained  acuities  ranged  from  20/20  to  20/12.  Correlations  between  the 
mean  time  for  detection  and  far  visual  acuity  (as  measured  by  the  percent¬ 
age  of  the  letters  presented  in  the  vision  tester  that  were  correctly 
identified)  were  -.43,  -.61,  and  -.64.  The  two  latter  correlations  were 
significant  at  an  acceptable  level  of  significance  (p<.01),  while  the 

Whitehurst.  The  Effects  of  Pattern  and  Color  on  the  Visual  Detec¬ 
tion  of  Camouflaged  Vehicles,  NWC  TT  5746,  Naval  Weapons  Center,  China 
Lake,  California,  March  1975. 
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Unit  co.rr.Clntlyn  -was . not .  Thus,  in  this  case,  the  results  also  suggest 
thati visual  acuity  should.be  a  significant  predictor  of  field  acquisition 
performance. 

In  a  later  study  conducted  by  Whitehurst similar  results  were 
obtained  with  respect  to  the  effect  of  visual  acuity  on  target  acquisi¬ 
tion  performance.  In  this  investigation,  civilian  observers  searched  for 
both  a  camouflaged  and  an  olive  drab  colored  ARC  located  at  various 
locations  on  a  terrain  model  under  two  lighting  conditions  (dawn  and 
bright  sky  light).  The  average  luminance  of  the  terrain  model  under 
simulated  dawn  lighting  was  2.0  foot-lamber ts,  while  it  was  9.5  foot- 
lamberts  under  the  bright  sky  conditions.  The  visual  acuities  of  the 
observers  were 'measured  using  the  Armed  Forces  Vision  Tester  and  were 
scored  as  in  the  previous  Whitehurst  study.  The  obtained  visual  acui¬ 
ties  ranged  from  20/17  to  20/12.  The  average  time  required  to  find  the 
targets  over  all  combinations  of  target  and  lighting  conditions  was  deter¬ 
mined  for  each  observer.  A  significant  correlation  of  -.69  (p<.01)  was 
obtained  between  these  times  and  the  visual  acuity  scores  of  the  obser¬ 
vers.  Thus,  also  in  this  situation,  visual  acuity  was  a  •'ignif leant 
facto  t  i  the  target  acquisition  process. 

Whittenburg  and  Collins*^  also  found  that  target  acquisition  per¬ 
formance  was  significantly  related  to  measured  visual  acuity.  In  this 
investigation,  several  groups  of  observers  searched  for  a  variety  of 

Whitehurst.  Fffcct  of  Canoufltujc  Faint  Pattern  on  the  Surface- to- 
Suface  Detection  of  Vehicles,  NWC  TR  5772,  Naval  Weapons  Center,  Chinn 
Lake,  California,  June  1975. 

Whittenburg  and  B.  Collins,  op.  cit. 


military  targets  (M48  tank,  towed  155imn  howitzer,  1/4-ton  Jeep,  and  a 
camouflage  net)  located  either  in  an  open  field  or  next  to  a  treeline. 
Observers  searched  for  the  targets  from  two  observation  points.  The 
first  point  (near  to  the  targets)  was  located  such  that  the  target-to- 
observer  range  varied  from  88  to  880  meters,  while  the  second  point  (far 
from  the  targets)  was  located  such  that  the  target-to-observer  varied 
from  1055  to  2952  meters.  For  each  observer,  a  detection  score  was  com¬ 
puted  that  was  based  on  the  number  of  targets  detected  and  the  level  of 
description  used  by  an  observer  to  define  acquired  targets.  These  scores 
were  then  correlated  with  the  observer's  far  visual  acuity  (measured  prior 
to  the  study  in  terms  of  the  number  of  test  items  correctly  completed  on 
the  Armed  Forets  Vision  Tester).  The  obtained  acuities  ranged  from  20/40 
to  20/17.  For  all  targets  (acquired  from  both  the  near  and  far  viewing 
positions),  the  correlation  between  performance  and  acuity  was  .224  (df  “ 

70,  p<.05),  which  was  not  significant.  However,  when  detection  scores 
reflecting  the  observer's  viewing  position  were  computed  and  correlated 
with  the  visual  acuity  scores,  it  was  found  that  the  correlation  for  the 
detection  scores  for  the  near  position  (r  ■  .238,  df  ■  70)  was  significant 
(p<.05).  On  the  other  hand,  the  correlation  for  the  detection  scores  for 
the  far  position  (r  *  .149,  df  ■  70)  was  not  significant  (p<.05).  These 
results  thus  Indicate  for  a  field  acquisition  situation  that  visual  acuity 
is  likely  to  be  an  important  factor  in  the  acquisition  process  only  for 
targets  located  at  relatively  close  ranges,  i.e.,  from  about  88  to  880  meters. 

Overall,  these  results  Indicate  that  visual  acuity  is  indeed  an  im¬ 
portant  factor  in  the  target  acquisition  process.  In  general,  the  results 
demonstrate  that  observers  with  "good"  visual  acuity  can  be  expected  to 
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acquire  more  targets  sooner  than  observers  with  "poor"  visual  acuity. 
However,  the  magnitude  of  the  correlations  obtained  in  the  studies  re¬ 
viewed  suggest  that  the  visual  aculty-acqulsltlon  performance  relationship 
Is  far  from  perfect.  In  addition,  these  results  suggest  that  military 
personnel  who  wear  corrective  lens  might  experience  reduced  ability  to 
acquire  targets  in  combat  situations  if  their  lens  were  broken  or  lost. 
Rapid  replacement  Is  unlikely  In  a  combat  zone.  As  a  consequence.  In 
future  studies  of  the  acquisition  process,  it  might  be  appropriate  to 
assess  the  acquisition  ability  of  observers  who  normally  wear  corrective 
lens,  both  with  and  without  these  lens.  Such  n  strategy  would  allow 
assessment  of  the  effect  of  acquisition  performance  of  missing  corrective 
lens. 

Color  Vision 

Collins  and  Whittenburg  have  reviewed  the  literature  concerning  the 
effect  of  variations  in  observer  color  vision  on  target  acquisition  per¬ 
formance.  They  report  that  since  World  War  II  the  hypothesis  that 
color-deficient  individuals  can  detect  camouflaged  targets  at  a  higher 
rate  than  color-normal  individuals  hos  been  quite  persistent.  However, 
they  found  that  only  one  relevant  empirically-based  Investigation  of  this 
hypothesis  had  been  conducted. In  this  study  it  was  found  that  color- 
normal  observers  performed  at  a  higher  level  than  color-deficient  observers 

.  Collins  and  J.  Whittenburg .  Defective  Color  Vision ,  Filters,  Film, 
and  the  Detection  of  Camouflaged  Targets:  An  Annotated  Bibliography , 

US  Army  Human  Engineering  Laboratory,  Aberdeen  Proving  Cround,  Maryland, 
March  1974. 

Wallace,  P.  Hexter,  and  S,  Hecht.  Color  Vieion  and  Its  Delation  to 
the  Detection  of  Camouflage,  Army  Research  Bulletin  43-6,  14  October 
1943. 
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In  detecting  camouflaged  targets  from  an  airplane  flying  over  the  target 
area. 

In  an  attempt  to  provide  a  definitive  answer  to  the  question  of  the 
effect  of  color  vision  on  acquisition  performance,  Whittenburg  and 
Collins^’’  investigated  the  detection  performance  of  12  color-deficient 
observers  (ten  with  a  red-green  color  deficiency  and  two  with  a  low  color 
discrimination)  and  24  color-normal  observers  in  a  field  study  involving 
military  targets  (tank.  Jeep,  and  towed  howitzer).  In  addition,  color 
deficiencies  were  simulated  by  the  use  of  special  lenses  for  36  other 
observers.  Their  results  Indicated  that  no  real  differences  in  detection 
performance  existed  between  the  color-normal  and  the  true  color-deficient 
or  the  simulated  color-deficient  observers. 

Dobbins  and  his  associates  at  the  Tropic  Test  Center  in  the  Panama 
Canal  Zone  have  investigated  the  related  question  of  the  effects  of  color¬ 
ed  lenses  on  acquisition  performance.  The  observers  in  these  studies  wore 
special  lenses  that  filtered  out  selected  spectral  wavelengths.  In  the 
first  of  these  studies, 12  Infantry  soldiers  wearing  noncagnifying 
yellow  lenses  detected  stationary  personnel  targets  in  a  tropical  ever¬ 
green  forest.  Their  detection  performance  was  compared  to  that  of  18 
observers  with  unaided  vision  tested  under  the  same  conditions.  The  ef¬ 
fect  of  the  yellow  lenses  was  to  restrict  the  detectability  of  the  person¬ 
nel  targets.  In  particular,  ranges  for  these  observers  were  shorter  than 
for  the  observers  with  the  unaided  vision. 

Whittenburg  and  B.  Collins,  op.  oit. 

Dobbins,  M.  Cast,  and  C.  Kindick,  op.  oit. 
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In  the  second  study  of  this  series, 24  infantry  soldiers  observed 
either  with  yellow  lenses,  with  red  lenses,  with  dlchroic  lenses, or  in 
an  unaided  (lenseless)  mode.  None  of  the  lens  conditions  were  found  to 
affect  target  acquisition  performance  when  compared  to  unaided  vision. 

This  was  true  for  the  50  percent  detection  range  thresholds,  visibility 
gradients,  and  total  detections. 

Thus,  these  results  tend  to  Indicate  that  variations  in  color  vision 
do  not  contribute  to  the  detection  process  in  natural  field  environments. 
Fowever,  it  must  be  pointed  out  that  only  two  of  the  above  referenced 
studies  involved  personnel  with  true  color  deficiencies.  Only  one  of  the 
studies  involving  color-deficient  personnel  studied  a  ground  combat  detec¬ 
tion  situation  and  it  employed  only  a  few  (12)  color-deficient  individuals. 
Further,  it  is  questionable  that  colored  lenses  can  simulate  color  vision 
defects. As  a  consequence,  it  would  appear  that  additional  research 
is  warranted  concerning  the  question  of  the  effect  of  variations  in  color 
vision  on  acquisition  performance  in  field  situations.  For  such  research 
it  would  be  appropriate  to  employ  large  sample  sizes  of  color-deficient 
observers  in  a  wider  variety  of  situations  involving  varying  military  tar¬ 
gets,  both  camouflaged  and  uncamouflaged.  From  this  research  it  would  be 
possible  to  obtain  a  better  measure  of  any  effects  of  color  vision 

Dobbins  and  C.  Kindick,  op.  cit. . 

^^These  lenses  were  designed  to  reduce  the  transmission  of  light  in  the 
middle  wavelengths  of  the  visible  spectrum,  while  allowing  the  normal 
transmission  of  light  from  the  remainder  of  this  spectrum.  The  net 
effects  of  the  lenses  tend  to  make  the  observer  artificially  color 
blind  for  the  colors  associated  with  the  middle  wavelengths,  i.e.,  to 
make  his  vision  dichromatic. 

Collins  and  J.  Whittenburg,  op.  cit. 


variation*  on  detection  performance.  However,  for  the  lime  being  It 
would  appear  that  the  weight  of  the  evidence  la  against  variation*  In 
color  vlalon  having  any  significant  effect  on  the  actinia  1 1 Ion  proreaa . 

At]p 

beeline  In  vlaual  functioning  with  ape  la  often  reported  In  the 
literature.  However,  a lp.nl f leant  decrement*  with  increasing  ape  do  not 
generally  occur  until  the  late  thirties  or  earlv  forties.  Fot  example, 

Burg  found  that  the  visual  field  of  men  and  women  declined  significantly 
after  the  age  30  to  40. '  Studies  of  visual  acuity  with  reference  to 
Increasing  age  find  that  acuity  declines  significantly  after  the  age  of 
45.*  '  These  findings  thus  suggest  that  decrements  In  target  acquisition 
performance  as  a  function  of  age  are  not  likely  to  he  found  unless  the 
sample  Includes  persons  In  their  late  thirties  and  early  forties,  In 
particular.  It  can  he  expected  for  relatively  voting  military  personnel 
without  any  severe  eye  defects,  that  acquisition  performance  will  he  un¬ 
related  to  age. 

Kiel il  studies  of  target  acquisition  support  this  hypothesis.  bobbins 
l  S'1 

and  his  associates  *  report  that  In  four  separate  studies  age  was  found  to 
he  unrelated  to  threshold  detection  performance  of  enlisted  military  per¬ 
sonnel.  The  average  correlation  between  age  and  detection  performance  was 
.08,  In  all  cases,  these  observers  had  been  tested  and  were  found  to  have 

'  '^A.  lUtrg.  "l.ateral  Visual  Field  as  Related  to  Age  and  Sox,"  •Vmsm/  rf 

Applied  rsjo'.W.y-/ ,  l')h8,  53,  10-15. 

1>*A.  hit.  "Visual  Acultv,"  in  I'.  Farnsworth  (ed.),  /  AVi't'ot.’  <'/ 

rti!H'hpto<w,  1*168,  19,  :7-54. 

»»n.  bobbins,  K.  (Tut,  and  (’.  Klndlck,  pit. 
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adequate  visual  Acuity.  The  arc  range  for  these  observers  was  from  18  to 
35  years  of  age.  Thus,  for  mllltAry  situations  in  which  the  observer  popu¬ 
lation  is  relatively  young,  arc  1«  not  likely  to  he  a  factor  In  field 
acquisition  performance. 

Height 

In  combat  situation*  the  position  from  which  an  observer  may  view  an 
area  of  Rronud  for  which  he  has  responsibility  can  vary.  Observations 
may  be  made  from  the  prone  position,  the  kneellnp  position,  or  from  the 
staudlnR  position.  In  addition,  an  observer  may  be  positioned  In  a  tree 
or  on  top  of  a  butldtnR  while  vlewlnR  his  area  of  responsibility.  The 
major  effect  of  these  chanRcs  In  viewing  position  Is  to  alter  the  height 
of  the  observer's  eyes  above  the  ground.  The  appearance  of  the  targets 
may  also  be  modified.  To  the  extent  that  these  changes  reduce  or  increase 
the  chances  of  obscuration  by  terrain  or  vegetation  features.  It  may  be 
expected  that  field  acquisition  performance  will  show  corresponding  In¬ 
crements  or  decrements.  In  general,  field  studies  of  the  acquisition 
process  support  this  conclusion. 

For  example,  Anstev  concluded  in  a  survey  of  field  visibility 
measurement  that  greater  daylight  visibility  distances  were  generally  ob¬ 
tained  from  standing  observers  than  from  prone  observers.  For  example,  in 
a  chaparral  area,  erect  observers  could  obtain  llnes-of-sight  of  500  or 
more  feet  [153  meters],  while  prone  observers  could  obtain  llnes-of-sight 
of  only  70  to  100  feet  [21  to  31  meters].  In  a  mid-latitude  forest,  a 
human  target  wearing  a  white  shirt  was  detected  at  an  average  range  of 
131.5  feet  [ A 1  meters]  bv  an  erect  observer,  while  the  same  target  was 

Anstev,  op.  1  6A . 
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detected  at  an  average  range  of  116.3  feet  f 35  meters]  by  a  prone  obser¬ 
ver.  These  results  clearly  show  that  the  help, lit  of  an  observer's  eyes 
above  the  ground  slpnlf lcantly  affects  his  ability  to  acquire  targets. 

In  addition,  taken  together  they  suggest  that  the  magnitude  of  this  ef¬ 
fect  will  depend  on  the  type  of  terrain  In  which  observations  are  made. 

In  particular,  it  may  be  expected  for  relatively  open  terrain  that  the 
magnitude  of  the  effect  will  be  small,  while  for  relatively  cluttered 
terrains  the  magnitude  of  the  effect  will  be  large. 

Cavlness  and  Maxey*^  have  also  found  that  variations  in  observer 
height  significantly  affect  daylight  target  acquisition  performance.  In 
their  study  three  observer  elevation  conditions  were  studied:  observer 
kneeling,  observer  standing  erect,  and  observer  standing  erect  on  a 
three-foot  platform.  Their  results  indicated  that  as  the  height  of  the 
observer's  head  above  the  ground  was  increased,  the  range  at  which  ad¬ 
vancing  personnel  targets  could  be  detected  increased. 

The  above  cited  studies  were  conducted  under  conditions  of  daylight. 
They  demonstrated  collectively  that  increases  in  observer  elevation  were 
consistently  associated  with  improvements  in  acquisition  performance. 
Similar  results  have  been  obtained  for  acquisition  tasks  completed  under 
nighttime  illumination  conditions.  Taylor*^  studied  the  effect  of  ob¬ 
server  height  on  acquisition  performance  under  two  illumination  conditions: 
non-moon  (starlight)  and  full-moon  illumination.  For  the  no-moon  illumi¬ 
nation  condition  no  consistent  effect  of  observer  height  on  acquisition 
performance  was  found.  However,  for  the  full-moon  illumination  condition, 

154 

J.  Cavlness  and  J.  Maxey,  op.  oit. 

^5J.  Taylor,  op.  oit. 
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it  was  found  that  standing  observers  were  superior  to  kneeling  observers, 
who  in  turn,  were  superior  to  prone  observers  in  terms  of  their  ability 
to  acquire  stationary  personnel  targets.  These  results  indicate  that  only 
when  the  illumination  level  is  sufficiently  high  will  a  relationship  be 
obtained  between  observer  height  and  acquisition  performance.  Further, 
they  indicate  that  when  the  conditions  are  adequate  for  the  relationship 
to  manifest  Itself,  it  will  be  the  expected  direct  relationship,  l.e., 
larger  ground-to-eye  heights  will  be  associated  with  better  performance, 
while  smaller  ground-to-eye  heights  will  be  associated  with  poorer  perfor¬ 
mance. 

Walton^**  ha;  also  found  that  observer  height  is  directly  related  to 
observer  acquisition  performance  under  low  illumination  conditions.  In 
this  study  observers  employed  the  Crew-Served  Weapons  Night  Vision  Sight 
(second  generation).  For  observation  under  conditions  of  moonlight,  prone 
observers  detected  fewer  targets  than  standing  observers.  Targets  in  this 
study  were  both  military  personnel  and  military  vehicles. 

Taken  collectively,  these  studies  clearly  indicate  that  the  height  of 
the  observer's  eyes  above  the  ground  is  a  significant  factor  in  the  ac¬ 
quisition  process  under  both  low  and  high  ambient  light  conditions.  In 
general,  it  has  been  demonstrated  that  as  elevation  of  the  observer's  head 
above  ground  is  Increased  from  a  prone  height  to  a  standing  height,  acqui¬ 
sition  performance  will  show  corresponding  improvements.  However,  the 
level  of  ambient  illumination  must  be  somewhat  above  that  of  starlight  for 
this  relationship  to  appear.  Further,  the  magnitude  of  this  effect  will 
become  greater  as  the  terrain  in  which  observation  is  conducted  becomes 
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less  cluttered  and  more  open.  That  Is,  as  terrain  and  vegetation  features 
such  as  low  brush,  boulders,  and  minor  undulations  of  the  ground  become 
less  common,  It  can  be  expected  that  Increases  In  the  elevation  of  the 
observer's  head  will  be  accompanied  by  substantially  greater  Improvements 
in  his  acquisition  performance. 

Past  Experience 

For  any  detection  situation,  the  past  history  of  experience  which  the 
observer  brings  with  him  into  the  situation  may  be  expected  to  influence 
the  extent  to  which  he  successfully  performs  an  acquisition  task.  Tills 
past  history  of  experience  may  take  on  at  least  two  forms.  It  may  be 
general  experience  gained  through  hunting  and  tracking  in  relatively  un¬ 
inhabited,  "wild"  areas,  or  through  military  experience  in  training  or 
combat  in  a  war  zone.  Alternatively,  it  may  represent  experience  gained 
from  structured  classroom  and  field  training  classes  in  the  subject  or 
target  acquisition.  Since  the  effects  of  experience  on  acquisition  per¬ 
formance  have  not  been  systematically  researched  to  any  great  extent, 
only  a  tentative  conclusion  can  be  drawn  with  respect  to  the  effects  of 
this  variable. 

Dobbins  and  his  associates*^  found  in  several  studies  of  the  acqui¬ 
sition  process  in  tropical  environments  that  years  of  military  service  was 
not  significantly  correlated  with  the  50  percent  detection  thresholds. 

The  correlations  obtained  in  these  studies  together  averaged  .09  and  repre¬ 
sented  data  from  108  observers.  Experience  ranged  from  6  to  192  months 
of  military  service. 

Dobbins,  R.  Chu,  and  C.  Klndick,  op.  ait. 
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Anstey,  on  the  other  hand,  has  found  that  a  professional  hunter 

with  mAny  years  of  experience  in  tropical  environments  was  able  to  locate 

prepositioned  targets  at  longer  distances  and  in  shorter  times  than  a 
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non-hunter  with  little  experience  in  tropical  environments.  Anstey 
has  also  noted  that  experience  in  acquiring  prepositioned  targets  in  a 
mid-latitude  forest  leads  to  greater  detection  rangeB  and  shorter  deci¬ 
sion  times. 

Taylor*8®  studied  the  effects  of  three  different  types  of  night 
vision  training  (classroom,  field,  and  classroom/field  training)  on  the 
acquisition  performance  of  observers  under  both  no-moon  and  full-moon  il¬ 
lumination  conditions.  In  each  case  the  training  lasted  for  only  two 
hours.  The  classroom  training  was  designed  to  teach  the  observers  the 
principles  of  observation  at  night  and  provided  them  with  an  opportunity 
practice  these  principles.  The  field  training  provided  observers  with  an 
opportunity  to  practice  the  discrimination  of  personnel  targets  under  no¬ 
moon  illumination  conditions.  Finally,  the  classroom/field  training  was  a 
combination  of  the  classroom  Instruction  and  field  practice.  It  was  found, 
however,  that  the  type  of  training  did  not  affect  acquisition  performance. 
In  this  case,  acquisition  performance  was  measured  as  the  percent  correct 
detections  made.  It  was  suggested  by  Taylor  that  these  results  were  due 
to  the  training  not  being  sufficiently  extensive. 

158R.  Anstey,  op.  cit. ,  1963. 

*59r.  Anstey,  op.  cit.,  1964. 

Taylor,  op.  cit. 
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Banks  and  his  associates on  the  other  hand,  have  found  that  spe¬ 
cial  training  designed  to  remedy  identified  deficiencies  in  target  ac¬ 
quisition  technique  resulted  in  performance  improvement  for  an  acquisition 
task  involving  the  use  of  visual  aids.  In  particular,  it  had  been  found 
that  poor  search  procedure  was  primarily  responsible  for  a  less  than  opti¬ 
mal  level  of  acquisition  performance.  Special  training  was  designed  to 
teach  observers  how  to  conduct  a  timely  and  comprehensive  search  using  two 
visual  aids,  the  Starlight  Scope  and  the  Night  Observation  Device.  Com¬ 
parison  of  the  acquisition  performance  of  groups  of  observers  trained 
under  the  standard  and  special  training  revealed  that  the  special  training 
groups  detected  more  targets  in  shorter  amounts  of  time  than  the  standard 
training  groups. 

The  results  of  these  studies  taken  together  suggest  that  for  either 
general  experience  or  training  to  be  effective  in  the  acquisition  process 
requires  that  the  experience  or  training  be  exceedingly  relevant  to  the 
acquisition  task  at  hand.  That  is,  it  can  be  expected  that  variations  in 
either  experience  or  training  will  be  correlated  with  variations  in  acqui¬ 
sition  performance  only  to  the  extent  that  these  variations  are  associated 
with  the  production  of  or  the  differential  functioning  of  specific  skills 
which  mediate  the  accomplishment  of  the  acquisition  task. 

Motivational  Variables  , 

Motivation  is  a  concept  which  is  often  employed  to  explain  why  the 
performance  of  a  well-practiced  task  may  show  significant  variability  over 
time  in  the  absence  of  any  other  changes  in  the  situation  defining  the 

Banks,  J.  Sternberg,  B.  Cohen,  and  C.  Debow,  op.  cit. 
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occasion  for  the  performance  of  the  task.  Theoretically,  motivational 
factors  are  thought  to  reflect  internal  conditions  of  the  individual 
which  have  come  to  mediate  the  performance  of  a  tusk  or  a  set  of  tasks  in 
some  situation.  In  general,  it  is  expected  for  those  motivational  con¬ 
ditions  which  are  associated  with  task  performance,  that  ns  the  state  of 
these  conditions  change,  so  will  the  quality  of  task  performance  mani¬ 
fested  by  the  individual.  As  a  consequence,  it  is  important  to  know  what 
motivating  conditions  are  responsible  for  the  maintenance  of  task  perfor¬ 
mance  in  a  situation  and  how  changes  in  those  conditions  facilitate  or 
inhibit  performance  in  that  situation. 

None  of  the  target  acquisition  literature  reviewed  reported  data  on 
the  effects  of  motivational  state  on  acquisition  performance.  It  is  evi¬ 
dent,  however,  from  close  rending  of  this  literature  that  the  acquisition 
situations  developed  for  study  were  consistently  designed  to  keep  internal 
motivation  at  a  high  level.  For  example,  in  many  of  the  studies  reviewed, 
military  personnel  served  as  observers  and  performed  acquisition  tasks 
within  a  military  context.  Therefore,  it  might  be  expected  that  the  moti¬ 
vation  to  perform  at  an  average  or  above  average  level  was  quite  high  in 
these  cases.  However,  field  research  in  a  related  visual  problem  area 
(detection  of  mines  and  boobytraps)  suggests  that  variations  in  moti¬ 
vational  states  may  have  some  impact  on  target  acquisition  performance  in 
combat  situations. 

162 

Bucklin  and  Rayner  studied  the  detection  performance  of  enlisted 
military  personnel  as  they  traversed  a  simulated  surface-laid  munitions 

,62B.  Bucklin  and  J.  Rayner.  Development  of  a  Detection  Abilittj  Index:  I, 
ESD  IR  No.  561  (Draft),  Engineering  Sciences  Division,  Feltman  Research 
Laboratory,  Picatinny  Arsenal,  Dover,  New  Jersey,  April  1172. 
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minefield.  The  time  required  to  traverse  the  minefield  and  the  percentage 
of  surface-laid  munitions  found  were  determined  for  each  observer.  In 
addition,  the  observers  completed  two  paper-nnd-pcncll  tests  designed  to 
measure  a  variety  of  personality  factors.  Analysis  of  the  data  revealed 
that  the  amount  of  time  spent  In  searching  was  directly  related  to  the 
percentage  of  munitions  found.  Also,  the  analysis  showed  that  certain  of 
the  personality  factors  measured  were  significantly  correlated  with  detec¬ 
tion  performance.  In  particular,  personality  factors  defined  by  scales 
reflecting  placidity,  lethargy,  stability,  and  self-reliance  were  signi¬ 
ficantly  related  to  detection  performance.  Specifically,  it  was  found 
that  the  better  detectors  (those  who  detected  a  greater  percentage  of  the 
targets)  were  low  on  the  placidity  and  lethargy  scales  and  high  on  the 
stability  and  self-reliance  scales.  These  results  clearly  indicate  that 
certain  internal  dispositions  of  the  military  personnel  studied  were  re¬ 
lated  to  their  detection  performance  in  this  field  situation. 
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A  similar  result  was  obtained  by  Maxey  and  his  associates  In  a 
study  of  the  characteristics,  aptitudes,  and  acquired  skills  required  in 
the  detection  of  mines  and  boobytraps  in  a  field  situation.  In  this  study, 
enlisted  military  personnel  traversed  a  field  detection  course  and  detected 
hidden  mines  and  boobytraps.  Observers  were  assessed  with  respect  to  the 
rated  amount  of  effort  they  expended  during  the  completion  of  the  detection 
course.  A  significant  direct  relationship  was  found  to  exist  between  the 
amount  of  effort  expended  and  the  percentage  of  detections  made  by  observers. 

^-*J.  Maxey,  T.  Powers,  T.  Jacobs,  and  G.  Magner.  Identification  of  the 
Potential  Characteriotic8 ,  Aptitudes,  and  Acquired  Skills  Involved  in 
Human  Detection  of  Mines,  HumRRO  Technical  Report  73-18,  Human 
Resources  Research  Organization,  Alexandria,  Virginia,  August  1973. 


-  124  - 


Laboratory  research  also  suggests  that  motivational  factors  may  play 
a  role  in  the  acquisition  process.  Jones,  Freitag,  and  Collyer*^  report 
that  Bloomfield  (in  a  laboratory  study  of  visual  search)  found  that  incen¬ 
tive  payments  of  money  to  observers  affected  their  search  performance  in 
a  positive  wav.  Under  conditions  of  incentive  payments,  the  quality  of 
search  performance  was  significantly  superior  to  the  quality  of  search 
performance  under  conditions  of  practice  without  monetary  incentive.  They 
report  that  the  "false  alarm"  rate  also  increased  under  conditions  of  in¬ 
centive  though  not  as  much  as  the  increase  in  the  percentage  of  detections. 

Pollack  and  Knaff^'^  studied  the  influence  of  incentive  conditions  on 
vigilance  task  performance  in  a  laboratory  situation.  In  their  study  the 
task  of  the  observer  was  to  visually  detect  a  change  in  deflection  of  a 
needle  in  a  meter  from  a  predicted  course.  Observers  stood  watch  under 
one  of  three  incentive  conditions:  neutral,  reward,  and  punishment. 

Under  the  neutral  condition,  observers  were  told  to  do  the  best  they  could. 
Under  the  reward  condition,  they  were  told  they  would  receive  extra  pay 
for  good  performance.  Finally,  under  the  punishment  condition,  failure  to 
detect  a  signal  resulted  in  an  0.5  second  blast  from  a  truck  air  horn. 

In  addition  to  these  conditions  the  vigilance  task  was  completed  under  two 
levels  of  Illumination:  dark  and  light.  Under  conditions  of  dark,  the 
observer  watched  a  visual  display  in  a  darkened  isolation  booth,  while 
under  conditions  of  light,  the  observer  worked  in  the  presence  of  other 
observers  in  a  brightly  lighted  room.  Their  results  indicated  that  under 
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D.  Jones,  M.  Freitag,  and  S.  Collyer,  op.  cit. 

*^I.  Pollack  and  P.  Knaff.  "Maintenance  of  Alertness  by  a  Land  Auditory 
Signal,"  Journal  of  the  Acoustical  Society  of  Anericii,  1958,  30,  1013- 
1016. 
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the  punishment  condition,  the  percentage  of  signals  detected  Increased, 
detection  times  were  reduced,  and  more  false  detections  were  made.  Fur¬ 
ther,  punishment  was  more  effective  for  the  poorer  performing  subjects 
than  for  the  better  performing  observers.  Also,  effects  of  punishment 
were  more  pronounced  under  conditions  of  dark  than  light.  Under  the 
reward  condition,  performance  was  better  than  under  the  neutral  condi¬ 
tion,  but  the  improvement  was  not  as  great  as  that  produced  by  the 
punishment  condition.  Further,  reward  was  more  effective  in  the  light 

condition  than  in  the  dark  condition. 
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Dudek,  George,  and  Ayoub  have  also  studied  the  effect  of  moti¬ 
vating  incentives  on  vigilance  task  performance.  In  this  investigation, 
some  observers  were  given  a  fixed  amount  of  academic  credit  for  partici¬ 
pation  in  the  investigation,  while  other  observers  received  academic 
credit  whose  magnitude  depended  on  their  task  performance.  Overall,  the 
task  performance  of  the  observers  who  worked  for  a  fixed  amount  of  credit 
was  inferior  to  the  performance  of  the  observers  who  worked  under  a 
performance-contingent  credit  schedule.  Further,  accurate  task  performance 
was  found  to  be  maintained  much  better  over  time  by  the  contingent  credit 
observers  than  by  the  fixed  credit  observers. 

Thus,  while  it  is  currently  unknown  what  specific  effects  variations 
in  motivational  conditions  have  on  the  acquisition  process,  relevant  field 
and  laboratory  research  suggests  that  motivational  factors  may  be  impor¬ 
tant  in  this  process.  Since  it  may  be  expected  in  a  combat  situation  that 

1^^R.  Dudek,  C.  George,  and  M.  Ayoub*  "Performance  Recovery  and  Man- 
Machine  Effectiveness,"  in  US  Army  Human  Factors  Research  and  Develop¬ 
ment,  Proceedings  of  the  JSth  \nnual  Conference ,  November  1969. 
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changes  in  the  motivational  conditions  of  combat  personnel  will  occur  as 
the  conditions  and  expectations  of  contact  with  the  enemy  change,  it  is 
important  to  know  what  effect  a  change  in  motivational  conditions  will 
have  on  acquisition  task  performance.  As  a  consequence,  this  is  an  area 
that  should  receive  some  attention  in  future  research  on  the  acquisition 
process . 


Summary 

The  purpose  of  this  section  of  the  report  has  been  to  present  the 
results  of  a  review  of  the  literature  of  ground-to-ground  target  acquisi¬ 
tion.  For  this  review,  target  acquisition  was  considered  as  a  generic 
term  that  covered  not  only  the  detection  process,  but  also  the  process  of 
recognition  and  identification.  As  such,  the  term  target  acquisition  was 
employed  as  a  neutral  term  whose  meaning  was  largely  dependent  on  the  prob¬ 
lem  of  targeting  with  which  the  reviewed  studies  were  concerned. 

Target  acquisition  is  a  military  problem  in  that  the  ability  of  the 
infantryman,  the  forward  observer,  or  the  tank  gunner  to  accurately  acquire 
targets  is  a  necessary  prerequisite  for  the  successful  completion  of  his 
mission,  i.e.,  the  destruction  or  neutralization  of  the  enemy's  means  to 
wage  war.  For  example,  in  a  giv„n  battlefield  environment,  a  soldier  may 
be  engaged  in  one  of  two  missions.  On  the  one  hand,  he  may  be  engaged  in 
a  defensive  mission,  in  which  case  his  task  will  be  to  defend  an  area  from 
penetration  or  capture.  On  the  other  hand,  he  may  be  engaged  in  an  offen¬ 
sive  mission,  in  which  case  his  task  will  be  to  find  and  destroy  the  enemy. 
In  order  to  succeed  in  either  of  these  missions,  a  soldier  must  be  able  to 
determine  whether  the  enemy  is  present  in  his  vicinity,  that  is,  he  must 
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be  able  to  acquire  enemy  targets.  Thus,  target  acquisition  and  the 
ability  of  the  modern  soldier  to  successfully  complete  target  acquisition 
tasks  in  a  field  environment  is  an  Important  area  from  a  military  point 
of  view. 

The  psychological  problem  as  it  relates  to  the  military  problem  Is 
one  of  identifying  the  relevant  behavioral,  environmental,  and  situational 
variables  which  affect  the  ability  of  human  observers  to  perform  optimally 
in  a  field  target  acquisition  situation.  In  addition,  such  information  is 
important  for  defining  the  types  of  field  target  acquisition  situations, 
including  targets  (as  to  type,  placement,  etc.)  appropriate  for  investi¬ 
gating  the  acquisition  performance  of  human  observers  with  and  without 
acquisition  aids. 

i 

A  wide  variety  of  parameters  have  been  investigated  in  relation  to 
target  acquisition  performance.  These  parameters  fall  into  two  basic 
groups  of  variables:  stimulus  (external)  variables  and  organismic  (inter¬ 
nal)  variables.  The  stimulus  variables  considered  for  their  effect  on  the 
acquisition  process  fell  into  three  broad  categories:  object  (target) 
characteristics,  environmental  (background)  characteristics,  and  task 
(situational)  characteristics.  The  organismic  variables  considered  for 
their  effect  on  the  acquisition  process  were  those  observer  characteristics 
which  could  logically  affect  the  observer’s  capability  to  perform  the  ac¬ 
quisition  task,  e.g.,  age,  experience,  motivation,  visual  acuity,  etc. 

The  effects  of  these  variables  are  briefly  summarized  below: 

Target  characteristics.  Eight  acquisition  parameters  were  considered 
under  this  heading:  target  size,  shape ,  color,  brightness  contrast,  range, 
duration  of  exposure,  motion,  and  speed.  Target  size  was  found  to  be  a 


factor  in  the  acquisition  process  when  the  differences  in  relative  size 
were  large.  For  small  relative  differences  in  size,  it  was  found  that 
other  factors  were  likely  to  be  more  Important  in  the  acquisition  process. 

Target  shape  was  determined  to  be  a  factor  in  the  acquisition  process 
also,  particularly  when  the  target  appeared  in  the  context  of  non-target 
objects  of  similar  shape.  However,  this  conclusion  was  based  on  the  re¬ 
sults  of  laboratory  work  and,  as  such,  remains  to  be  verified  under  field 
conditions. 

With  respect  to  target  color,  it  was  found  that  it  is  not  so  much 
the  object  color  that  is  critical  for  acquisition  as  it  is  the  contrast 
of  this  color  with  the  background  in  which  the  target  appears.  Therefore, 
color  contrast,  not  color,  is  the  important  variable  for  the  acquisition 
process  for  colored  objects.  In  particular,  it  was  found  that  as  target 
color  contrast  Increased,  target  acquisition  performance  also  increased. 
Target  brightness  contrast  was  also  found  to  be  important  in  ground-to- 
ground  target  acquisition  in  the  same  manner  as  color  contrast,  l.e.,  as 
brightness  contrast  increased,  acquisition  performance  improved. 

Target  range  was  found  to  be  one  of  the  most  well-studied  variables 
in  the  target  acquisition  literature.  In  general,  it  was  found  that  as 
target-to-observer  range  Increased,  target  acquisition  performance  de¬ 
creased  (when  target  size  was  held  constant). 

Target  duration  (length  of  time  that  a  target  is  available  for  acqui¬ 
sition)  was  also  found  to  be  an  important  parameter  in  the  target  acqui¬ 
sition  process.  In  particular,  it  wes  found  that  the  relationship  between 
duration  and  acquisition  performance  is  a  direct  relationship.  That  is, 
increases  in  target  exposure  time  are  associated  with  Improvements  in 
acquisition  performance. 


Finally,  target  motion  was  found  to  be  an  important  target  acquisi¬ 
tion  parameter.  In  general,  the  literature  in  this  area  indicated  that 
target  motion,  as  well  ns  the  speed  at  which  thiB  movement  occurred, 
facilitates  acquisition  performance.  In  particular,  increments  in  tar¬ 
get  speed  were  found  to  he  generally  associated  with  improvements  in 
target  acquisition  performance. 

Environmental  characteristics.  Seven  acquisition  parameters  were 
considered  under  this  heading:  condition  of  the  atmoopherc,  level  of 
ambient  illumination ,  terrain,  vegetation,  location,  position  of  illumi¬ 
nation  aourcc,  and  ambient  temperature.  The  condition  of  the  atmosphere, 
i.e.,  its  light  transmission  properties,  wns  found  to  he  significantly 
related  to  target  acquisition,  particularly  for  distant  targets.  In 
general,  reductions  in  the  light  transmitting  capabilities  of  the  atmos¬ 
phere  were  found  to  be  associated  with  decrements  in  target  acquisition 
performance. 

The  effect  of  ambient  illumination  on  target  acquisition  was  found 
to  be  well  studied.  Overall,  the  literature  indicated  that  as  the  level 
of  ambient  illumination  is  increased  from  very  low  levels  to  moderately 
low  levels,  there  is  substantial  improvement  in  acquisition  performance. 
However,  it  appears  that  as  illumination  is  further  increased  from  moder¬ 
ately  low  to  higher  levels,  improvement  in  acquisition  performance  cannot 
be  generally  expected.  Thus,  for  this  variable.  It  seems  that  illumination 
level  is  a  more  important  variable  for  low  illumination  acquisition  than 
for  high  illumination  acquisition. 

Both  inter-  and  intra-terrain  variations  were  found  to  affect  the 
detectability  of  targets.  The  major  effect  of  difference  between  terrain 


was  found  to  be  In  terms  of  target  obscuration  and  restrictions  in  the 
ranges  at  which  targets  could  be  acquired.  Within  a  given  terrain  the 
major  effect  was  found  to  be  in  terms  of  interactions  of  specific  terrain 
features  with  specific  target  characteristics,  such  as  contrast  and  dura¬ 
tion. 

The  acquisition  performance  of  observers  in  vegetated  areas  was  found 
to  vary  with  the  season  of  the  year,  the  height  of  vegetation,  the  type 
of  vegetation,  and  the  density  of  vegetation.  In  general,  it  was  found 
that  as  these  factors  led  to  increased  conditions  of  obscuration,  target 
acquisition  performance  showed  progressive  decrements. 

With  respect  to  target  location,  it  was  found  that  this  is  a  factor 
in  the  acquisition  process  when  few  lines-of-sight  exist  between  the  tar¬ 
get  when  search  patterns  lead  to  infrequent  glimpses  of  areas  in  which 
targets  are  located.  Target  location  is  also  a  factor  when  observer  ex¬ 
pectations  about  target  location  do  not  correspond  to  actual  target 
locations.  It  was  also  found  that  the  position  of  the  illumination  source 
(in  terms  of  both  elevation  and  azimuth)  significantly  affects  the  acqui¬ 
sition  process,  particularly  for  targets  which  have  intrinsically  low 
contrast  with  the  environmental  background.  The  results  were  quite  clear. 
As  targets  were  directly  lighted  from  either  the  front  or  the  rear,  acqui¬ 
sition  performance  improved. 

Due  to  the  lack  of  adequate  studies  conducted  under  varying  tempera¬ 
ture  conditions,  it  was  not  possible  to  exactly  determine  the  effect  of 
temperature  variations  on  acquisition  performance.  However,  a  review  of 
studies  involving  visual  tasks  completed  under  various  conditions  of  cold 
and  heat  suggested  that  this  variable  be  of  some  importance  for  the  ocqui- 
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sition  process  in  field  situations.  In  partlcu]  i,  there  was  some  evi¬ 
dence  found  which  suggested  that  extreme  conditions  of  heAt  and  cold  may 
adversely  affect  the  performance  of  visual  tasks. 

Task  characteristics.  Five  acquisition  parameters  were  considered 
under  this  heading:  obaerver  movement,  etr.c  of  pear  eh  area,  practice 
cffccta,  ocarch  method,  and  duration  of  obn aviation.  Observer  movement 
with  respect  to  the  target  was  found  to  be  a  significant  factor  in  the 
acquisition  process.  In  particular,  it  was  found  that  observer  movement 
affects  the  target  acquisition  process  only  when  the  target  also  moves. 

For  stationary  targets,  observer  movement  was  found  to  provide  only  a 
slight  advantage  in  the  Acquisition  process. 

The  results  of  both  the  laboratory  and  field  research  reviewed  indi¬ 
cated  that  reductions  in  the  size  of  the  search  area  was  generally 
associated  with  improvements  in  the  percentage  of  targets  detected  or 
with  reductions  in  the  amount  of  time  required  to  detect  targets.  In  addi¬ 
tion,  these  results  indicated  that  the  exact  effects  of  reductions  in 
search  area  size  appear  to  be  dependent  upon  the  brightness  of  the  target 
and  the  ambient  illumination  level  of  the  surround  ns  well  ns  target 
exposure  time. 

With  respect  to  the  effects  of  practice  on  acquisition  performance, 
the  research  findings  were  somewhat  contradictory.  In  some  cases,  practice 
at  target  acquisition  facilitated  performance,  while  in  other  cases  it  did 
not.  The  basis  for  these  contradictory  findings  was  not  immediately  clear. 
At  this  point,  without  further  research.  It  can  only  be  concluded  that 
practice  effects  may  occur.  As  a  consequence,  the  possibility  of  such  ef¬ 
fects  must  be  taken  into  account  during  the  design  of  investigations  of  the 
acquisition  process. 
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Overall,  the  results  of  the  studies  reviewed  concerning  variations 
In  search  strategy  clearly  indicated  that  the  type  of  strategy  employed 
by  an  observer  can  (under  some  conditions)  affect  the  quality  of  his  ac¬ 
quisition  performance.  Thus,  in  studies  of  the  acquisition  process,  data 
should  be  recorded  which  reflect  the  strategy  employed  by  the  observer 
during  the  completion  of  the  acquisition  task.  By  such  a  procedure  any 
differences  In  acquisition  performance  due  to  search  strategy  variations 
may  be  accounted  for  and/or  controlled.  Further,  if  a  particular  search 
strategy  has  bee.-t  tested  and  validated  with  respect  to  Its  effectiveness, 
then  It  may  be  appropriate  to  require  observers  to  use  this  strategy  to 
optimize  test  results. 

However,  the  literature  does  not  indicate  any  clear-cut  superiority 
for  either  free  search  or  specified  search  strategies.  The  results  of  the 
studies  conducted  by  some  investigators  suggest  that  the  effectiveness  of 
specific  search  strategies  may  be  dependent  upon  both  target  and  environ¬ 
mental  variables.  This  would  Imply  that  the  failure  to  find  a  relationship 
between  variations  in  search  strategy  and  acquisition  performance  (as  this 
occurred  In  some  Instances)  may  have  been  in  part  due  to  the  failure  to 
control  relevant  target  and  environmental  variables. 

Collectively,  the  results  of  the  Investigations  designed  to  assess 
the  effects  of  duration  of  observation  on  target  acquisition  Indicated 
that  when  continuous  operations  involve  the  loss  of  sleep,  performance 
decrements  In  completion  of  an  active  acquisition  task  can  be  expected. 
However,  when  some  opportunity  for  rest  is  allowed  or  sleep  loss  Is  not 
very  large,  performance  decrements  are  not  likely  for  active  acquisition. 


However,  experimental  evidence  was  found  which  indicated  that  when  the 
acquisition  situation  approximates  a  vigilance  task  situation  (In  terms 
of  such  factors  as  low  signal  rate),  performance  decrements  may  be  expect¬ 
ed,  even  when  loss  of  sleep  is  not  a  factor. 

Observer  characteristics.  Six  observer  parameters  were  considered 
under  this  heading:  visual  acuity,  color  vision,  age,  height  (above 
ground  level),  past  experience,  and  motivation. 

Relatively  little  research  has  been  conducted  to  investigate  the  ef¬ 
fect  of  variations  In  observer  visual  acuity  on  acquisition  performance  In 
ground-to-ground  target  acquisition  situations.  In  particular,  the  pres¬ 
ent  review  located  only  four  studies  relative  to  this  problem  area. 
Collectively,  the  results  of  these  studies  indicated  that  as  the  level  of 
visual  acuity  is  increased,  target  acquisition  performance  show  progres¬ 
sive  improvements  (l.e.,  more  targets  are  detected  sooner).  This  was  found 
to  particularly  true  for  targets  located  relatively  near  (less  than  900 
meters)  the  observer. 

The  review  of  studies  involving  color  vision  tend  to  indicate  that 
variations  in  color  vision  do  not  contribute  to  the  detection  process  in 
natural  field  environments.  However,  it  must  be  pointed  out  that  only 
two  of  the  studies  reviewed  involved  personnel  with  true  color  deficien¬ 
cies.  Only  one  of  the  studies  involving  color-deficient  personnel  studied 
a  ground  combat  detection  situation  and  it  employed  only  a  few  color- 
deficient  individuals.  As  a  consequence,  it  would  appear  that  additional 
research  is  warranted  concerning  the  question  of  the  effect  of  variations 
in  color  vision  on  acquisition  performance  in  field  situations.  For  such 
research  it  would  be  appropriate  to  employ  larger  sample  sizes  of  color- 
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deficient  observers  in  a  wider  variety  of  situations  involving  varying 
military  targets,  both  camouflaged  and  uncamouflaged.  From  this  research 
it  would  be  possible  to  obtain  a  better  measure  of  any  effects  of  color 
vision  variations  on  detection  performance.  However,  for  the  time  being, 
it  would  appear  that  the  weight  of  the  scientific  evidence  is  against  the 
importnn *e  of  this  variable  for  target  acquisition  performance. 

Very  few  studies  were  identified  which  addressed  the  effect  of  age 
on  visual  performance.  Overall,  these  studies  indicated  that  age  was  a 
factor  in  visual  performance  for  only  older  (over  35  years)  populations. 
Thus,  for  military  situations  in  which  the  observer  population  is  rela¬ 
tively  young,  age  is  not  likely  to  be  a  factor  in  field  acquisition  perfor¬ 
mance. 

Taken  collectively,  the  results  of  studies  involving  variations  in 
observer  height  (above  ground  level)  clearly  indicate  that  this  parameter 
is  a  significant  factor  in  the  acquisition  process  under  both  low  and  high 
ambient  light  conditions.  In  general,  it  has  been  demonstrated  that,  ns 
elevation  of  the  observer's  head  above  ground  is  increased  from  a  prone 
height  to  a  standing  height,  acquisition  performance  will  show  correspond¬ 
ing  improvements.  However,  the  level  of  ambient  illumination  must  be 
somewhat  above  that  of  starlight  for  this  relationship  to  appear.  Further, 
the  magnitude  of  this  effect  will  become  greater  as  the  terrain  in  which 
observation  is  conducted  becomes  less  cluttered  and  more  open.  That  is, 
as  terrain  and  vegetation  features,  such  as  low  brush,  boulders,  and  minor 
undulations  of  the  ground,  become  less  common,  it  can  be  expected  that 
Increases  in  the  elevation  of  the  observer's  head  will  be  accompanied  by 
substantially  greater  improvements  in  his  acquisition  performance. 
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With  respect  to  the  effect  of  past  experience,  the  results  of  the 
studies  reviewed  suggest  that  for  either  general  experience  or  training 
to  be  effective  variables  in  the  acquisition  process,  either  the  experi¬ 
ence  or  training  must  be  exceedingly  relevant  to  the  task  at  hand.  In 
particular,  it  can  be  expected  that  variations  in  either  experience  or 
training  will  be  correlated  witli  concomitant  variations  in  acquisition 
performance  only  to  the  extent  that  these  variations  arc  associated  with 
the  production  of  or  the  differential  functioning  of  specific  skills 
which  mediate  the  accomplishment  of  the  acquisition  task. 

It  is  currently  unknown  what  specific  effects  variations  in  motiva¬ 
tional  conditions  have  on  the  acquisition  process.  However,  relevant 
field  and  laboratory  research  suggests  that  motivational  factors  may  be 
important  in  this  process.  In  particular,  this  research  suggests  that 
variations  in  certain  individual  dispositions  may  be  associated  with 
variations  in  the  quality  of  visual  task  performance.  Further,  this  re¬ 
search  Indicates  the  variations  in  the  motivational  factors  governing  the 
conditions  of  task  performance  for  a  visual  task  may  also  be  associated 
with  variations  in  the  quality  of  task  performance.  Since  it  may  be 
expected  in  a  combat  situation  that  changes  in  the  motivational  conditions 
of  combat  personnel  will  occur  as  the  conditions  and  expectations  of  con¬ 
tact  with  the  enemy  change,  it  is  important  to  know  what  effect  a  change 
in  motivational  conditions  will  have  on  acquisition  task  performance.  As 
a  consequence,  this  is  an  area  that  should  receive  some  attention  in  future 
research  on  the  acquisition  process. 

Implications  Of  the  literature.  The  major  purpose  of  th  .s  review  was 
to  identify  from  the  published  research  those  variables  which  have  been 
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empirically  shown  to  affect  visual  acquisition  performance  in  ground-to- 
ground  target  situations.  Over  300  reports,  books,  and  journal  articles 
were  acquired  and  examined  during  the  course  of  the  search  for  materials 
relevant  to  the  visual  acquisition  problem.  Eighty-four  of  these  wer«  finally 
selected  for  an  intensive  review.  Analysis  of  this  material  yielded  a 
total  of  24  variables  which  are  likely  to  be  important  in  the  visual 
acquisition  process  for  ground-to-ground  target  situations.  Table  2  lists 
these  variables  according  to  the  type  of  factor  they  represent,  e.g., 
target  characteristics,  environmental  characteristics,  etc. 

From  an  overall  appraisal  of  the  literature  reviewed,  it  is  possible 
to  draw  several  important  conclusions.  First,  and  most  obvious,  is  the 
fact  that  the  target  acquisition  process,  in  any  given  situation,  is 
governed  by  a  wide  variety  of  variables.  These  variables  may  act  inde¬ 
pendently  of  each  other  or  in  conjunction  with  each  other  to  affect  the 
process.  For  each  of  the  variables  considered  in  this  review,  it  was 
generally  possible  to  state  the  Impact  of  the  variable  on- the  acquisition 
process.  As  a  consequence,  it  is  most  important  for  field  researchers 
working  in  this  problem  area  to  take  the  factors  listed  in  Table  2,  and 
their  likely  effects,  into  account.  This  is  most  Important  during  the 
design  and  execution  phases  of  any  such  research.  It  is  only  through 
such  a  careful  specification  of  target  acquisition  factors  that  the  re¬ 
sults  of  this  type  of  research  may  be  adequately  interpreted  and  understood. 
Further,  researchers  new  to  this  problem  area  can  ensure  that  their  re¬ 
search  designs  and  experimental  procedures  will  adequately  address  the 
practical  questions  for  which  answers  are  desired.  Finally,  in  some  cases, 
it  may  prevent  researchers  from  unnecessarily  covering  research  ground 
which  has  already  been  adequately  studied. 
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Table  2.  Behavioral  Variables  Affecting  Ground- to-Ground 
Visual  Target  Acquisition 


STIMULUS  VARIABLES 

Target  Characteristics 

Size 

Shape 

Color  Contrast 
Brightness  Contrast 
Range 

Duration  of  the  Exposure 
Presence  of  the  Motion 
Speed 


Environmental  Characteristics 

Condition  of  the  Atmosphere 
Level  of  Ambient  Illumination 
Terrain 
Vegetation 

Location  of  Target  In  the  Terrain 
Illumlnant  Position 
Ambient  Temperature 


Task  Characteristics 

Movement  of  the  Observer 
Size  of  Search  Area 
Practice 
Search  Strategy 
Duration  of  Observation 


OBSERVER  VARIABLES 
Visual  Acuity 


Observer  Height  (Eye  Level  Above  the  Ground) 


Past  Experience  and  Training 


Motivation 
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Second,  due  to  limitations  of  the  state-of-the-art ,  It  is  for  the 
most  part  not  possible  to  go  beyond  general  statements  concerning  the  ef¬ 
fect  of  \  particular  acquisition  parameter  on  target  acquisition  perfor¬ 
mance.  Tills  is  because  very  few  acquisition  studies  have  been  designed 
to  evaluate  target  acquisition  performance  ns  a  function  of  many  differ 
ent  levels  of  a  given  variable.  Most  of  the  research  conducted  in  this 
area  has  been  "one-shot"  in  nature  and  designed  to  establish  whether  or 
not  a  particular  level  or  a  limited  set  of  levels  of  c  given  variable  is 
important  in  the  acquisition  process.  Further,  variations  from  one  study 
to  the  next  in  such  factors  as  targets,  terrain,  illumination,  target 
duration,  search  techniques,  and  subject  populations  have  been  consider¬ 
able.  As  a  consequence,  it  was  only  possible  to  establish  if  a  particular 
variable  was  important  in  the  process  and  the  general  conditions  for  which 
this  was  true. 

Third,  as  indicated  in  the  body  of  the  review,  many  of  the  variables 
listed  in  Table  2  were  found  to  interact  with  each  other  to  affect  the 
outcome  of  the  acquisition  process  in  a  given  situation.  Unfortunately, 
due  to  the  limitations  of  the  target  acquisition  literature,  it  was  not 
possible  to  determine  to  what  extent  dependencies  exist  among  all  of  the 
variables  in  Table  2.  However,  since  it  is  likely  that  such  dependen¬ 
cies  do  exist,  it  is  important  that  the  possibility  of  these  dependencies 
be  taken  into  account  during  the  design  and  execution  of  field  research. 

Fourth,  there  are  many  gaps  in  the  target  acquisition  literature. 
Research  in  the  past  has  generally  been  undertaken  to  answer  specific 
questions  posed  by  specific  users.  Different  investigators  have  employed 
procedures  and  target  situations  designed  to  answer  these  specific  and 
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generally  limited  questions.  In  other  words,  research  has  been  guided 
more  by  contingency  than  by  principle.  As  a  result,  data  are  simply  not 
available  to  predict  acquisition  performance  from  knowledge  of  the 
parameters  Involved  In  a  given  situation.  This  does  not  mean  that  the 
effects  of  some  variables  have  not  been  Investigated  thoroughly.  They 
have,  but  others  have  been  largely  neglected.  Thus,  It  Is  possible  to 
extrapolate  results  from  one  situation  to  another  only  In  the  most  general 
way. 

The  Implication  of  these  findings  Is  clear.  As  discussed  above,  It 
Is  possible  from  the  literature  to  specify  what  Independent  variables  are 
likely  to  affect  an  observer's  ability  to  successfully  perform  an  acqui¬ 
sition  task  In  at  least  some  situations.  Further,  In  a  general  way.  It 
can  be  predicted  what  the  natuie  of  ttiis  difference  will  be,  i.e.,  the 
expected  relationship  between  the  Independent  variables  and  performance 
can  be  specified  at  a  general  level.  However,  the  state-of-the-art  is 
not  at  the  point  where  it  is  possible  to  write  some  type  of  mathematical 
expression  that  will  allow  a  researcher  to  make  accurate  predictions  about 
the  effects  and  Interactions  of  selected  acquisition  variables  for  all 
specific  acquisition  situations.  What  is  needed  is  a  general  theory  of  the 
target  acquisition  process  which  is  based  on  a  logical  and  comprehensive 
program  of  empirical  research  designed  to  provide  definitive  information 
about  (a)  the  relative  importance  of  each  target  acquisition  parameter, 

(b)  the  exact  mathematical  relationship:;  between  performance  and  the 
various  acquisition  parameters  for  all  parameters  considered  simultane¬ 
ously,  and  (c)  the  specification  of  the  interactive  effects  of  important 
acquisition  parameters  over  all  relevant  acquisition  situations.  With 


such  a  theory,  the  limitations  Identified  by  this  review  would  cease  to 
exist  and  it  would  be  possible  to  utilize  the  literature  of  this  area 
in  a  much  more  comprehensive  manner  than  now  is  possible. 


CHAPTER  3 


THE  THREAT  ON  THE  MODERN  BATTLEFIELD 

The  purpose  of  this  chapter  Is  to  identify  and  describe  the  targets 
and  operational  tactics  likely  to  be  encomtered  by  US  ground  forces  in  a 
future  military  conflict.  In  order  to  accomplish  this  objective,  It  was 
necessary  to  make  several  assumptions  with  respect  to  (a)  where  and 
against  what  military  forces  a  future  conflict  would  be  fought  by  US 
forces,  and  (b)  at  what  level  (low-,  mid-,  or  high-lntenslty)  such  a  con¬ 
flict  would  be  waged.  An  overview  of  current  US  military  doctrine  as 
discussed  In  recent  Field  Manuals  (FMs) ,  Training  Circulars  (TCs) ,  and 
TRADOC  Bulletins,  e.g.,  FM  17-50, 1  TC  7-24, 2  and  TRADOC  Bulletin  1  (U)3 
suggests  that  Soviet/Warsaw  Pact  forces  or  forces  equipped  and  trained  by 
the  Soviet  Union  constitute  the  primary  threat  for  the  US  Army  In  the 
near  future.  Further,  due  to  the  close  proximity  of  US/NATO  and  Soviet/ 
Warsaw  Pact  forces  in  central  and  northern  Europe,  it  Is  generally  ac¬ 
cepted  that  any  major  military  conflict  involving  the  US  Army  in  the  near 
future  would  be  centered  In  these  areas.  Finally,  consideration  of  cur¬ 
rent  US  and  Soviet  military  doctrine  (to  be  discussed  below)  suggests 
that  an  armed  confrontation  between  these  nations  will  result  in  both 
conventional  (mid-intensity)  and  nuclear  (hlgh-lntenslty)  engagements. 

3FM  17-50.  Attack  Helicopter  Operations  (Draft),  Department  of  the  Army, 
US  Army  Armor  School,  Fort  Knox,  Kentucky,  October  1975. 

2 

TC  7-24.  Antiarmor  Tactics  and  Techniques,  Department  of  the  Army,  US 
Army  Infantry  School,  Fort  Bennlng,  Georgia,  30  September  1975. 

^TRADOC  Bulletin  1  (U) .  Range  and  Lethality  of  US  and  Soviet  Antiamor 
Weapons ,  Department  of  the  Army,  US  Army  Training  and  Doctrine  Command, 
Fort  Monroe,  Virginia,  30  September  1975. 


Operatlnp  muter  these  assumptions,  1  i ternture  addrcsslnp  tlio  threat 
posed  by  the  Soviet/W.irsaw  fact  nations  was  soupht.  Slnre  it  was  desired 
that  tilts  review  hr  available  to  the  scientific  community  as  a  whole, 
thin  searrh  was  directed  to  the  identification  of  unclassified  sources  of 
information.  Fvon  with  this  constraint,  a  wide  variety  of  both  military 
and  non-military  publications  was  found  which  provided  a  relatively  con¬ 
sistent  and  complete  description  of  Sov let /Warsaw  I’act  doctrine  and 
equipment.  Therefore,  the  omf  sion  of  classified  sources  from  the  review 
is  not  seen  as  detract tnp  from  the  validity  of  the  description  of  the 
threat.  From  the  review,  it  was  possible  to  identify  (a)  the  types  of 
military  ground  targets  PS  p round  forces  must  acquire  in  a  future  US  — 
fiovl et /Warsaw  Pact  confrontation,  and  (b)  the  tactics  and  likely  deploy¬ 
ment  of  these  tarpets  In  such  a  confrontation.  The  remainder  of  this 
chapter  will  he  devoted  to  the  discussion  of  this  Information  in  detail. 

Threat  Forces  In  Northern  and  Central  Europe 

The  .Soviet/Warsaw  Pact  p, round  forces  currently  deployed  in  northern 
and  central  F.urope  (and  In  adjacent  wet  tern  USSR  military  districts)  are 
substantial,  both  in  terms  of  numbers  of  personnel  and  divisions.  For 
example,  Soviet  forces  in  this  area  and  In  adjacent  Soviet  territory  num¬ 
ber  approximately  610,000  troops.  Non-Soviet  threat  forces  (Fast  Herman, 
Polish,  and  Chechoslovakian  forces)  in  this  area  number  approximately 
300,000  troops.  These  fipuros  represent  both  combat  and  direct  support 
personnel.  Thus,  collectively,  there  are  910,000  Warsaw  Pact  troops  ready 
for  commitment  to  a  confrontation  in  northern  and  central  Europe/' 

^"Thc  Theatre  balance  between  NATO  and  the  Warsaw  Pact,"  in  The  Nilitavu 
PaJatuv  1974~19?i> ,  Inst  i  tutc  Staff,  The  International  Institute  for 
Stratoplc  Studies,  London,  Fnpland,  1974,  pp  95-102. 
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Overall,  these  ground  forces  are  organized  into  70  divisions.  Of 
these,  43  are  Soviet  divisions,  while  the  remaining  27  are  East  Cerman 
(six  divisions);  Polish  (13  divisions);  and  Czechoslovakian  (eight 
divisions)  divisions.  The  bulk  of  the  43  Soviet  divisions  are  stationed 
in  Eastern  Europe  (27  divisions),  while  the  remaining  16  Soviet  divisions 
are  stationed  in  nearby  areas  of  western  USSR.  Thus,  excluding  the  Soviet 
forces  located  in  adjacent  USSR  territory,  there  are  a  total  of  58  combat- 
ready  Warsaw  Pact  divisions  (27  Soviet  and  27  non-Soviet  divisions) 
available  for  immediate  combat  in  northern  and  central  Europe. Further, 
these  forces  are,  for  the  most  part,  armored  or  mechanized  infantry.  For 
example,  the  27  Soviet  divisions  in  central  Furope  are  split  into  14 
armored  divisions  and  13  mechanized  infantry  divisions.  Czechoslovakian 
forces  are  split  into  five  armored  divisions  and  three  mechanized  in¬ 
fantry  divisions.  East  German  forces  are  split  into  two  armored  divisions 
and  four  mechanized  infantry  divisions.  Finally,  Polish  forces  are  split 
into  five  armored  divisions,  six  mechanized  infantry  divisions,  and  two 
infantry /airborne  divisions. 

However,  these  figures  only  reflect  frontline  combat  power  deployed 
on  the  ground  in  normal  peacetime  circumstances.  Assuming  that  Warsaw 
Pact  forces  were  to  move  reinforcements  into  this  area  and  initiated 
mobilization  of  first-line  reserves,  the  above  figures  would  be  altered 
upward  greatly.  For  example,  it  has  been  estimated  that  the  27  combat- 

5Ibid. 

^S.  Canby.  The  Alliance  and  Europe.  Part  IV.  Military  Doctrine  and 
Technology ,  Adelphi  Papers,  No.  109,  The  International  Institute  for 
Strategic  Studies,  London,  England,  Winter  74/75. 
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ready  Soviet  divisions  deployed  in  this  nren  could  be  incremented  to 
between  70  and  80  divisions  in  a  few  weeks  if  mobilization  were  rela¬ 
tively  unimpeded. ^  Including  the  non-Soviet  forces  that  are  normally  kept 
at  a  less  than  full  combat-ready  level  (four  divisions),  the  total  number 
of  Warsaw  Pact  divisions  that  could  be  available  after  a  relatively  unim- 
p  ded  mobilization  would  be  approximately  84  divisions.  Thus,  it  is  clear 
that  the  potential  threat  in  Europe  is  quite  large  both  in  terms  of  num¬ 
bers  of  ready  divisions  and  reinforcement  divisions. 

Threat  Equipment 

In  most  arens  of  the  world  and,  in  particular  in  Europe,  threat 
forces  are  predominantly  armored.  This  is  reflected  in  the  large  number 
of  tanks  (approximately  20,000  in  northern  and  central  Europe  for  both 
Soviet  and  non-Soviet  threat  forces*'),  armored  fighting  Vehicles,  self- 
propelled  artillery,  and  supporting  mobile  equipment  that  are  in  the  threat 
forces  inventory.  In  addition,  these  forces  are  equipped  with  highly 
sophisticated  air  defense  weapons  that  complement  each  other  to  form  an 
"air  defense  umbrella"  over  their  nren  of  operations.  Finally,  many 
individual  threat  soldiers  ore  armed  with  first-generation  antitank 
guided  missiles  capable  of  hitting  tank-sized  targets  out  to  3500  meters. 
The  remainder  of  this  section  will  discuss  these  aspects  of  threat  forces 
in  some  detail  with  an  emphasis  on  their  relevance  for  a  target  presen¬ 
tation  methodology. 

Threat  armor.  Since  the  end  of  World  War  11  (WWII),  Soviet  forces 
have  substantially  increased  their  emphasis  on  armored  fighting  vehicles, 

^"The  Theatre  Balance  Between  NATO  and  the  Warsaw  Tact,"  op.  oit. 

*Tbid. 
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e.g.,  tanka  and  Infantry  combat  vehicles.  For  example.  "In  1945.  tanks 
comprised  less  than  six  percent  of  USSR  ground  forces.  By  the  mid  1970s, 

Q 

tanka  were  more  than  25  percent."  In  thia  same  time  frame,  the  number 
of  tanks  in  each  Soviet-type  motorized  rifle  division  was  Increased  six¬ 
teen  times  over  the  number  possessed  by  comparable  WWI1  Soviet  units. 
Further,  during  this  period  of  time,  Soviet-equipped  forces  were  provided 
with  large  numbers  of  armored  personnel  carriers,  over  thirty-seven  times 
the  number  found  in  the  1945  Soviet  ground  army.1^  As  a  consequence, 
today's  Soviet  forces  are  basically  composed  of  tank  and  motorized  in¬ 
fantry  units.  Thus,  it  may  be  expected  that  US  forces  will  most  likely 
encounter  these  types  of  units  in  a  mid-  to  high-intensity  environment 

in  a  y  future  military  confronta* J jn  with  Warsaw  Pact  forces. 

12 

According  to  TC  7-24,  the  major  armored  vehicles  deployed  within 
Soviet  tank  and  motorized  ri:rle  divisions  are:  (a)  the  T-SS  and  T-62  main 
battle  tanks,  (b)  the  FT-76  light  amphibious  tanks,  (c)  the  BTR-60PB  and 
BMP  armored  personnel  carriers,  (d)  the  BRDM  reconnaissance  vehicle,  and 
(e)  the  ZSU-S7-2  and  ZSU-23-4  mobile  air  defense  weapon  systems.  These 
armored  vehicles  are  considered  by  current  US  Army  doctrine  as  providing 
the  major  threat  to,  and  antiarmor  targets  of  particular  importance  to, 

US  armor  and  mechanized  infantry  forces. 

^TRADOC  Bulletin  8.  Modem  Weapons  on  the  Modem  Battlefield,  Depart¬ 
ment  of  the  Army,  US  Army  Training  and  Doctrine  Command,  Fort  Monroe, 
Virginia. 

10Ibid. 

nIbid. 

!2tc  7-24,  op.  ait. 
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As  Indicated  above,  two  types  of  main  battle  tanks  are  employed  by 

Soviet  ground  forces:  the  T-SS  and  T-62  tanks.  The  T-SS  tank  series  was 

developed  after  WWII.  It  Is  armed  with  a  100mm  rifled-bore  main  gun  and 

fires  APHE  (Armor  Piercing  llifeh  Explosive),  HEAT  (High  Explosive  Anti- 

13 

tank),  and  HE  (High  Explosive)  ammunition.  In  addition,  it  is  equipped 

with  a  7.62mm  bow  machlnegun  and  a  7.62mm  coaxial  machlnegun.  Also,  some 

14 

models  mount  a  12.7mm  heavy  machlnegun  for  air  defense  purposes. 

Finally,  this  tank  is  equipped  with  an  Infrared  night  sight  and  has  a 
snorkle  capability  of  up  to  five  meters.  It  has  a  speed  of  50  kmph  and 
a  cruising  range  of  500  km. 

The  T-62  tank  is  currently  replacing  the  T-SS  tank  in  Soviet  tank  and 
motorized  rifle  units.  In  terms  of  armament  and  size,  it  is  very  similar 
to  the  T-SS  tank  except  that  it  mounts  a  115mm  smoothbore  main  gun.  This 
main  gun  fires  both  HEAT  and  APFSDS  (Armor  Piercing  Fin  Stabilized  Dis¬ 
carding  Sabot)  rounds.15  In  particular,  the  APFSDS  round  is  the  fastest 
tank  gun  round  in  the  world  with  a  muzzle  velocity  of  approximately  5300 
feet  [1410  meters]  per  second. ^  In  addition  to  the  main  gun,  the  T-62 
is  armed  with  a  7.62mm  coaxial  machlnegun  and  (on  some  models)  a  12.7mm 
heavy  machlnegun.1^  Like  the  T-S5,  it  is  equipped  with  an  infrared  night 
sight,  has  a  five-meter  snorkle  capability,  a  speed  of  50  kmph,  and  a 
cruising  range  of  500  km. 

15 Ibid . 

1^TC  17-17.  Gunnery  Training  for  Attack  Helicopters  (Draft),  Department 
of  the  Army,  US  Army  Armor  School,  Fort  Knox,  Kentucky,  1  August  1975. 

15TC  7-24,  op.  cit. 

16TRAD0C  Bulletin  1,  op.  cit. 

17TC  17-17,  op.  cit. 
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In  addition  to  those  tanks  (which  are  classed  os  light  tanks), 

Soviet  forces  have  in  their  inventory  a  heavy  tank  (the  T-10)  which  mounts 

a  122iwn  main  gun.  It  Is  also  armed  with  a  coaxial  machlnegun  (either  a 

14.5mm  or  12.7mm  gun)  and  a  heavy  machlnegun  (either  a  12.7mm  or  14.5mm 

gun)  mounted  on  top  of  the  turret.  It  has  a  night  vision  capability  and 

1 8 

is  equipped  with  a  snorkle  for  deep  fording.  Its  speed  Is  somewhat 

less  than  50  kmpli  and  its  cruising  range  is  less  than  500  km. 

Finally,  these  forces  employ  a  light-weight,  amphibious  tank-like 

vehicle  (the  PT-76 )  which  is  equipped  with  a  76mm  main  gun  designed  to 

fire  APHE,  HEAT,  and  HVAP  (High  Velocity  Armor  Piercing)  rounds  and  a 

7.62mm  coaxial  machlnegun.  In  water  it  has  a  speed  of  approximately  10 
1 9 

kmph,  while  on  land  it  has  a  speed  of  about  40  kmph.  Its  cruising 
range  is  approximately  250  km.  Some  models  are  equipped  with  a  12.7mm 
Heavy  machlnegun  for  air  defense.  This  tank  is  normally  found  in  front 

20 

of  the  main  body  of  a  ground  force  performing  reconnaissance  functions. 

In  addition  to  these  tanks,  two  new  varieties  are  currently  being 
developed  by  the  Soviet  army.  The  first,  a  new  medium  tank  called  the 
T-70,  is  approximately  the  size  of  the  T-62  series  tank.  Exterior  changes 
indicate  that  crew  positions  inside  the  tank  have  changed,  e.g.,  the 
driver's  hatch  is  now  located  in  the  middle  of  the  hull,  the  gunner  is  now 
on  the  right  of  the  main  gun,  and  the  loader  is  now  on  the  left.  Addi- 

18Ibid. 

*9TC  7-24,  op.  cit. 

20FM  17-50,  cp.  oit. 
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tlonally,  it  has  six  evenly  spaced  wheels  (compared  to  the  five  wheels  of 

21 

the  T-62  aeries  tank)  and  four  support  rollers. 

The  second  is  a  new  light  tank,  called  the  BMP,  which  resembles  the 

BMP  armored  personnel  carrier  (to  be  discussed  below).  It  has  the  same 

turret  as  the  BtfP  and,  in  addition,  has  a  Sagger  antitank  missile  launch 

rail.  Like  the  BMP,  it  is  amphibious.  While  it  is  somewhat  smaller 

than  the  BMP  in  both  length  (S.3  meters  vereuo  6.3  meters)  and  width 

(2.65  meters  versus  3.65  meters),  its  height  is  about  the  same  as  the 

BIT  (1.85  meters  versus  1.83  meters).  Finally,  it  has  a  ground  speed  of 
22 

about  60  kmph. 

Soviet  forces  employ  at  least  two  basic  types  of  armored  personnel 

carriers:  the  BTR  and  the  BMP.  The  BTR-60PB  (the  most  current  in  the 

BTR  series)  is  an  eight-wheeled,  lightly  armored,  turreted  combat  vehicle. 

It  is  armed  with  a  14.5mm  heavy  machinegun  and  a  7.62mm  coaxial  machine- 

gun.  It  has  an  amphibious  capability  (speed  in  water  is  approximately  10 

23 

kmph)  and  carries  a  crew  of  two  with  eight  passengers  (infantrymen) . 

It  has  a  cruising  range  of  approximately  450  km  and  a  speed  of  80  kmph 
on  land. 

The  basic  BMP  is  a  tracked,  lightly  armored,  turreted  combat  vehicle. 
It  is  armed  with  a  73mm  smoothbore  main  gun  and  a  7.62mm  machinegun.  It 
also  has  an  amphibious  capability  (speed  in  water  is  approximately  eight 

•y  t 

kmph)  and  carries  a  crew  of  three  with  eight  passengers  (infantrymen). 

21 

R.  Pretty  (ed.).  Jane's  Weapon  Systems  (7th  ed.).  New  York:  Franklin 
Watts,  Inc.,  1975. 

^Ibid. 

^TC  7-24,  op.  ait. 

1UI bid. 
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On  land  It  can  attain  speeds  of  55  kmph  and  has  a  cruising  range  of  300 
km.  Both  the  BMP  and  BTR-BOPB  have  firing  ports  designed  to  allow  In- 
fantry  personnel  to  fire  from  within  the  vehicle  whlc  It  Is  on  the  move. 

In  addition,  the  BMP  has  a  Sagger  antitank  guided  missile  launch  rail 
mounted  above  the  main  gun.  It  carries  a  basic  load  of  four  to  five 
Sagger  missiles.  Also,  the  BMP  carries  two  SA-7  (Ci\r‘l)  surface-to-air 
missiles  (which  are  similar  In  operation  to  the  US  Army  Redeye  missile 
system) . ‘7 

The  PTR-CCPB  and  BMP  combat  vehicles  are  generally  employed  to  move 
Infantry  personnel  into  the  battle  area  and  to  allow  them  capability  to 
fight  on  the  move  without  having  to  dismount.  The  BMP  is  also  used  during 
reconnaissance  activities  to  provide  covering  fire  for  advancing  PT-7B  or 

T  fl 

BRPM  armored  vehicles.  It  has  been  pointed  out  by  one  source-  that  the 
BTR  series  vehicles  have  recently  been  replaced  to  some  extent  by  later 
models  of  the  BMP,  in  particular  the  PS2'- 7CPB  which  mounts  a  76mm  smooth¬ 
bore  main  gun  and  the  Sagger  missile  system.  However,  It  -can  probably  be 
expected  that  within  Warsaw  Pact  forces  overall,  the  BTR  series  vehicles 
are  still  in  evidence. 

In  addition  to  the  PT-76  amphibious  light  tank  mentioned  above, 

Soviet  forces  also  employ  a  four-wheel  drive  vehicle  (the  BRPM)  with  an 

^ Ibid . 

^TRADOC  Bulletin  2  (U) .  Soviet  ATCMo:  Capabilities  and  Countermeasures , 
Department  of  the  Army,  US  Army  Training  and  Doctrine  Command,  Fort 
Monroe,  Virginia,  April  1975. 

27FM  17-50,  op.  oit. 

28 

J,  Erickson.  "Soviet  Military  Capabilities  in  Furope,"  Journal  of  the 
Royal  Ifnitcd  Servi oes  Institute  for  Rt'ferenoc  Studies,  Croat  Britain, 
March  1975. 
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and  la  raised  ouc  of  the  vehicle  for  firing.  In  this  mode,  It  carries 

32 

four  Svatter  missiles  and  a  crew  of  two  men. 

Finally,  in  the  fifth  model,  the  SA-9-BRDM,  the  basic  BRDM  chassis 

has  been  fitted  with  a  quadruple  canister  missile  launcher  placed  on  the 

vehicle  roof  and  attached  to  the  vehicle  turret.  SA-6  (Gaskin)  missiles 

(improved  versions  of  the  SA-7  surface-to-air  missiles)  are  carried  and 

33 

launched  from  this  roof  rack. 

Within  Soviet  tank  and  motorized  rifle  divisions,  there  are  two  main 
armored  air  defense  systems:  the  7SV-S7-2  and  the  ZSU-23-4  tanks.  The 
ZSU-57-2  system  has  a  long  range,  optically-controlled  set  of  twin  57imn 
antiaircraft  cannons  mounted  in  an  open-topped  turret.  The  turret  is  set 
into  a  modified  T-64  tank  chassis.  It  is  usually  deployed  with  forward 
ground  elements  in  batteries  of  six  vehicles.  It  has  a  firing  capacity 
(rate  of  fire)  of  between  105  to  120  rounds  per  minute  per  gun  and  a 
tactical  antiaircraft  range  of  approximately  four  kilometers  (at  high 
angles).  Its  effectiveness  is  dependent  on  the  gunner's  -ability  to  opti- 

*%  I  c 

cally  acquire  and  track  targets.  * 

The  ZSU-23-4  system  has  a  radar/optically  controlled  set  of  four 
23mm  guns  mounted  in  a  fully  protected  turret.  The  turret  is  set  into  a 
light  armor  chassis.  The  fire-control  system  is  fully  Integrated.  Part 
of  this  system  is  an  onboard  radar  mounted  at  the  rear  and  on  top  of  the 
gun  turret.  This  air  defense  system  is  usually  deployed  with  forward 

32Ibid. 

33FH  17-50,  op.  ait. 

3A Ibid . 

35TC  17-17,  cp.  cit. 


-  155  - 


elements  and  Is  often  linked  with  the  SA-6  ( Gainful )  surface-to-air  mis¬ 
sile  system  to  form  a  complementary  interlock  in  the  Soviet  "air  umbrella." 
It  has  a  firing  capacity  of  800-1000  rounds  per  minute  per  gun  and  a 
tactical  antiaircraft  range  of  3.0  kilometers  with  radar  and  2.5  kilom¬ 
eters  without  radar. 38,37 

Figures  3  and  4  present  the  typical  deployment  of  selected  armored 
vehicles  discussed  in  this  section  for  the  cases  of  a  deliberate  (Figure  3) 
and  a  hasty  defense  (Figure  4) .  Figure  5  presents  the  typical  deployment 
of  selected  armored  vehicles  discussed  in  this  section  for  the  case  of  an 
advance  to  attack.  The  information  for  these  figures  was  obtained  from 
TC  7-24. 38 

Threat  antlarmor  weapon  systems.  In  the  previous  section  (Threat 
Armor)  it  was  pointed  out  that  since  the  end  of  WWII,  Soviet  ground  forces 
have  increasingly  emphasized  the  use  of  tanks  and  mechanized  infantry. 
Concurrent  with  this  increased  emphasis  on  armored  warfare,  Soviet  forces 
have  recognized  the  need  for  effective  countermeasures  against  ground 
forces  also  equipped  with  armored  fighting  vehicles.  As  a  consequence, 
a  variety  of  weapon  systems  (smoothbore  tank  cannon,  antitank  guided 
missiles,  and  rocket-propelled  grenades)  have  been  developed  for  defeat¬ 
ing  opposing  armored  forces  in  ground  combat  situations.  In  general, 
these  weapon  systems  are  very  accurate  and  highly  lethal.  Collectively, 
they  mesh  to  provide  an  impressive  antlarmor  capability  out  to  3500 
meters.  Since  these  weapons  must  be  neutralized  for  effective  armor 

36FM  17-50,  op.  ait. 

37TC  17-17,  op.  cit. 

38TC  7-24,  op.  cit. 
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US  ATTACK 


Figure  4 


40 


Typical  deployment  of  selected  armored  vehicles  In 
defense  by  a  threat  motorized  rifle  battalion.40 


a  hasty 


Based  on  Information  contained  In  TC  7-24,  Antiamor  Tactics  aid 
Techniques,  Department  of  the  Army,  US  Army  Infantry  School,  Fort 
Bennlng,  Georgia,  September  1975. 
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Figure  5.  Typical  deployment  of  selected  armored  vehicles  In  an  attack 
formation  by  a  threat  motorized  rifle  battalion. 4,1 


^Reproduced  from  TC  7-24,  Antiamor  Taotice  and  Techniques,  Department 
of  the  Army,  US  Army  Infantry  School,  Fort  Benning,  Georgia,  30 
September  1975. 
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operations  by  on  opposing  force,  tlicy  will  be  priority  objectives  for  tar¬ 
get  acquisition  systems.  Therefore ,  It  Is  appropriate  to  discuss  these 
weapons  In  terms  of  their  effectiveness  and  their  expected  deployment  on 
the  modern  battlefield. 

Modern  technology  has  provided  at  least  four  types  of  effective  anti¬ 
tank  weapons:  (a)  the  antitank  guided  missile,  (b)  the  low  recoil,  flat 
trajectory,  smoothbore  cannon,  (c)  rapidly  distributable  mtnelots  that  can 
temporarily  Incapacitate  a  vehicle,  and  (d)  precision  guided  ("smart") 

i  a 

artillery  and  mortar  rounds.  1  Of  these  modern  antitank  weapons,  Soviet 

ground  forces  place  heavy  emphasis  on  two,  the  antitank  guided  missile  and 

/  *1 

the  smoothbore  cannon. 

Since  the  early  19*i0s,  Soviet  forces  have  fielded  three  antitank 
guided  missile  systems:  the  :'>ut}'po »•,  the  I'vattov,  and  the  luippor.  The 
fituippcv  system  was  fielded  in  the  late  1950s  and  resembles  in  performance 
the  Krench/American  wire-guided  ft'- 1 1  antitank  guided  missile.  This  mis¬ 
sile  (after  it  is  launched)  is  piloted  to  a  target  by  its  operator  via 
electronic  instructions  sent  from  a  control  box  over  wire  attached  to  the 
missile.  Approximately  500  meters  are  required  for  the  operator  to  gain 
control  over  the  missile  after  it  has  been  fired.  After  this  point,  the 
likelihood  of  the  missile  hitting  its  target  is  highly  dependent  on  the 
skill  of  the  operator.  Since  the  missile  is  relatively  stable  in  flight 
and  slow  to  respond  to  control,  corrections  must  be  substantial  and  timely. 
As  a  consequence,  the  probability  of  a  first-round  hit  with  this  system 

^‘S.  Canbv,  op.  oit . 

/,3TRAnOO  bulletin  2,  op.  oit. 
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tends  to  increase  with  range  and  peaks  at  about  2500  motors, 
may  bo  expected  that  this  missile  will  be  deployed  for  engaging  targets 
at  ranp.es  between  500  and  2500  motors.  However,  this  particular  system 
is  considered  to  be  obsolete  and  Is  not  likely  to  be  encountered  in  any 
significant  numbers  in  future  conflicts  with  Soviet  forces/’ 

Tie  .'’<»<?<7«'r  system,  like  the  .’’•)< Jpper  system,  is  also  based  on  a  wire 
guided  control  mechanism.  It  is  more  modern  (fielded  in  the  mld-lObOs) 
and  is  smaller,  lighter,  and  more  flexible  than  the  pj.wr  system.  As 
discussed  previously,  it  can  be  mounted  on  the  /■?,?'  or  the  fiRIV  armored 
vehicles.  It  also  comes  in  a  "suitcase"  version  designed  for  employment 
by  a  single  gunner  in  a  concealed  position/*’  To  employ  the 
missile,  the  gunner  must  visual  tv  track  both  the  missile  and  the  target 
and  manually  control  the  path  of  the  missile  to  the  target.  Thus,  unob¬ 
structed  .ines-of-sight  are  Important  for  the  effective  employment  of 
this  system.  The  main  problem  ,o  effectively  using  this  system  to  kill 
opposing  armored  vehicles  is  "capturing"  the  missile  and  bringing  it  to 
bear  on  the  target  after  it  has  been  fired.  For  both  the  ground  and 
vehicle  versions  of  this  system,  the  gunner  can  operate  the  system  from 
a  remote  location:  up  to  15  meters  In  the  ground  version  and  up  to  80 
meters  in  the  vehicle  version.  The  further  away  the  operator  Is  from  the 
firing  position  of  the  missile,  the  more  difficult  It  is  for  him  to  cap¬ 
ture  the  missile  after  it  has  been  fired.  Generally,  under  the  best 
conditions,  the  fired  missile  can  be  captured  at  ranges  from  r'00  to  800 

*/4TRAtXlC  Bulletin  1,  op.  otf. 

14 "'tRAOOO  Bulletin  2,  op.  off. 


meters  (nbout  five  to  eight  seconds  after  it  has  been  fired).  Under 
battlefield  conditions,  it  is  expected  that  most  Runners  will  be  able  to 
engage  opposing  armored  targets  at  ranges  between  1000  and  3000  meters. ^ 

The  suitcase  Sagger  is  usually  employed  by  three-man  crews  equipped 
with  four  missiles.  IVo  of  the  crew  are  Sagger  gunners,  while  the  third 
acts  to  protect  the  two  gunners  In  a  forward  position  using  on  RPC-7,  a 
rocket-assisted  grenade  launcher.  A  typical  layout  for  a  Sagger  crew  is 

/  ft 

presented  in  Figure  6.  This  figure  is  taken  from  TRADOC  Bulletin  2  (U) 
and  thus  represents  current  US  Army  information  concerning  this  weapon 
system. 

The  Sagger  system  is  highly  accurate  and  very  lethal.  For  example, 
for  ranges  from  1000  to  3000  meters,  the  probability  of  a  first-round  hit 
against  a  stationary  target  is  just  under  90  percent/'9  For  these  same 
ranges,  the  probability  of  a  first-round  kill  against  a  stationary,  fully- 
exposed  t'.GOAl  tank  is  Just  over  60  percent/0  However,  at  short  ranges 
the  effectiveness  of  this  system  is  somewhat  degraded,  particularly  against 
moving  targets.  Further,  against  targets  in  hull  defilode  positions,  its 
effectiveness  is  reduced  by  nbout  50  percent.  Thus,  in  the  future,  the 
system  will  likely  be  deployed  to  maximize  engagement  at  ranges  between 
1000  and  3000  meters  where  cover  and  concealment  of  the  avenues  of  approach 
arc  minimal.  Further,  it  is  unlikely  that  Sagger  will  be  deployed  where 
the  likelihood  of  short  range  (less  than  1000  meters)  engagement  is  high. 


klTUd. 
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Figure  6.  Typical  deployment  of  a  Sa^jcr  antitank  guided  missile  team. 
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^Reproduced  from  TRAPOC  Bulletin  No.  2  (10 ,  Soviet  ATGMe:  Capabilities 
<md  Countermeasures,  Dooartment  of  the  Army,  ITS  Army  Training  and 
Doctrine  Command,  Fort  Monroe,  Virginia,  April  1975. 
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Finally,  the  .9 vattcv  missile  system  Is  the  most  recent  antitank  Ruided 
missile  system  developed  by  the  Soviets.  Guidance  commands  are  trans¬ 
mitted  by  radio  rather  than  by  wire.  Three  frequencies  are  available  to 
reduce  interference  from  electronic  countermeasures.  It  is  considered  to 
be  the  most  responsive  and  accurate  of  the  Soviet  antitank  guided  missile 
systems.  It  travels  at  higher  velocities  (about  137  meters  per  second), 
achieves  longer  ranges,  and  is  easier  to  control  than  either  the  Snapper 
or  Saripcr  systems.  Two  versions  are  known  to  exist  ( Suatter-A  and 

Suat tn’-P) .  It  has  been  observed  mounted  on  the  BRDM  reconnaissance 

53 

vehicle  and  on  an  Mi-24 (Hind)  assault  helicopter.  Tills  system  also  re¬ 
quires  the  Runner  to  tracV  both  the  target  and  the  missile  to  bring  the 
two  together. 

Once  fired  the  missile  does  not  arm  until  it  reaches  about  500  meters 
(i.e.,  after  about  3.6  seconds).  Its  maximum  range  appears  to  be  about 
3500  meters. ^  While  not  much  information  is  available  about  its  empirical 
effectiveness,  it  is  believed  to  have  a  first-round  hit  probability  against 
a  stationary  H60A1  tank  target  of  about  from  80  to  90  percent  over  a  range 
out  to  3500  meters.  Some  unconfirmed  reports  suggest  that  even  greater 
ranges  are  possible  with  little  or  no  degradation  of  effectiveness . 

Thus,  it  may  be  expected  that  this  missile  system  is  likely  to  be  deployed 
to  engage  targets  at  ranges  between  500  and  at  least  3500  meters.  Further, 

^TRADOC  Bulletin  1,  op.  cit. 

53TRADOC  Bulletin  2,  op.  cit. 

54TRAOOC  Bulletin  1,  op.  cit. 
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since  it  is  visually  guided  by  the  operator  and  unobstructed  lines-of- 
sight  are  necessary  for  its  effective  employment,  it  is  likely  that  it 
will  be  used  in  areas  that  maximize  the  number  of  direct  lines-of-sight 
between  the  missile  and  the  operator.  Obviously,  obtaining  many  unob¬ 
structed  lines-of-sight  will  be  more  of  a  problem  when  deployed  in  the 
ground  mode  than  the  air,  since  on  the  ground  gross  terrain  features  are 
more  likely  to  be  available  for  obstructing  lines-of-sight. 

In  addition  to  these  missile  systems,  Soviet  ground  forces  are  equip¬ 
ped  with  a  relatively  short  range,  high  velocity  (100  meters  per  second) ^ 


antitank  rocket  called  the  RPG-7 .  This  weapon  is  designed  for  close-in 
defense.  While  it  can  fly  as  far  as  900  meters,  the  hit  probability  for 
this  weapon  at  300  meters  is  only  about  22  percent.  At  500  meters  this 
probability  decreases  to  less  than  five  percent.  However,  at  ranges  less 

I 

than  about  200  meters,  the  hit  probabilities  are  quite  high.  For  example. 


at  ranges  out  to  100  meters,  this  probability  is  about  96  percent.  At 
200  meters  it  is  about  51  percent.  These  data  are  based  on  a  test  situ¬ 
ation  involving  a  7.5x15  foot  [2. 3x4. 5  meter)  panel  moving  at  about  nine 

miles  per  hour.^7  Similar  results  were  obtained  in  tests  involving  a  sta- 

58 

tionary  frontal  tar.’/  target  of  2. 3x2. 3  meter  dimensions.  Thus,  it  may 
be  expected  that  this  system  will  be  encountered  in  situations  involving 

^T.  Dawson.  "Analysis  of  Rocket-Assist  Aspects  of  Infantry  Antitank 
Weapons,"  Army  Research  and  Development  News  Magazine,  November-December 
1975,  p  15. 

57TRADOC  Bulletin  1,  op.  ait. 
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short  (less  than  200  meters)  target  ranges,  e.g.,  during  the  last  stages 
of  an  assault  by  opposing  forces  on  a  Soviet  position. 

As  discussed  In  the  previous  section,  the  T-62  Is  one  of  the  main 

battle  tanks  employed  by  Soviet  ground  forces  In  armored  combat.  It 

mounts  a  115mm  smoothbore  tank  cannon,  which  Is  extremely  effective 

against  opposing  armored  vehicles.  For  example,  the  first  round  hit 

probability  of  a  T-62  against  a  stationary  M60A1  tank  target  at  100  meters 

Is  about  80  percent,  while  at  1500  meters  It  Is  50  percent.  The  first- 

round  kill  probability  for  this  same  situation  Is  just  over  65  percent  at 

1000  meters  and  about  45  percent  at  1500  meters.  Against  an  M60A1  tank 

target  approaching  at  a  30  degree  angle  at  12  miles  [20  kilometers]  per 

hour  at  1000  meters,  the  first-round  hit  probability  is  about  75  percent, 

while  at  1500  meters  it  drops  to  about  35  percent.  For  this  situation, 

the  first-round  kill  probability  is  just  over  60  percent  at  1000  meters 

59 

and  about  35  percent  at  1500  meters.  In  both  cases.  It  is  assumed  that 
the  T-62  tank  was  firing  APFDS  ammunition.  Thus,  Soviet  tanks  are  designed 
for  fast  first-hit  probabilities  •'t  relatively  long  (1000  to  1500  meters) 
target-to-observer  ranges. 

In  tank-to-tank  combat,  first-round  hits  are  important  since  the  tank 
that  fires  and  hits  first  is  usually  the  victor.  For  Soviet  tank  platoons 
(composed  of  three  tanks),  the  technique  of  fire  Is  for  the  platoon  leader 
to  direct  the  fire  of  his  entire  platoon  on  a  particular  target.  After 
this  target  has  been  destroyed,  the  fire  of  the  platoon  is  shifted  to 
another  target.^0  As  a  consequence  of  this  capability  to  fight  effec- 

59TRADOC  Bulletin  1,  op.  ait. 
b0Ibid. 
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tively  at  relatively  long  ranges,  it  is  likely  that  Soviet  tank  platoons 
will  seek  to  Initiate  engagements  with  US  Army  tank  units  at  these  ranges 
in  a  future  conflict. 

Another  aspect  of  this  long-range  hit  capability  concerns  the  rela¬ 
tive  sizes  of  Soviet  and  US  armored  vehicles  at  long  ranges,  e.g., 
greater  than  1000  meters.  Table  3  presents  the  dimensions  of  selected 
US  and  Soviet  army  vehicles.  In  addition,  it  presents  the  vertical  and 
horizontal  visual  angles  subtended  by  each  of  these  vehicles  if  they  were 
viewed  from  the  front  at  1000  meters.  Two  observations  are  evident  from 
Inspection  of  this  table.  First,  Soviet  Army  vehicles  are  generally 
smaller  in  all  dimensions  than  their  US  Army  counterparts.  Second,  the 
vertical  and  horizontal  visual  angles  subtended  by  the  Soviet  vehicles 
tend  to  be  two  or  three  minutes  smaller  than  the  angles  subtended  by 
comparable  US  Army  vehicles.  For  example,  at  1000  meters,  the  Soviet  T-62 
tank  subtends  a  vertical  viaual  angle  of  7.5  minutes  and  is  thus  likely 
to  be  a  very  difficult  target  to  acquire  at  this  range.  On  the  other 
hand,  the  M60A1  subtends  a  vertical  visual  angle  of  approximately  11 
minutes  at  a  1000-meter  range  and  should  be  somewhat  less  difficult  to 
acquire  compared  to  the  Soviet  T-62  tank  at  this  range.  As  a  consequence, 
a  target  presentation  methodology  should  take  these  size  differences  into 
account,  particularly  if  US  armored  equipment  is  employed  to  simulate 
Soviet  armored  equipment.  This  is  particularly  important  since  (as  was 
noted  above)  future  conflicts  involving  engagements  between  Soviet  and 
US  tanka  are  likely  to  occur  over  relatively  large  ranges. 

Based  on  the  information  discussed  in  the  above  paragraphs,  it  is 
possible  to  assemble  a  composite  picture  of  the  range  and  hit  capabilities 
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of  Soviet  antiarmor  forces.  For  ranges  out  to  about  200  meters,  the 
FPG-7  can  hit  targets  (tank  site)  with  a  probability  of  at  least  50  per¬ 
cent.  For  ranges  out  to  1500  meters,  the  T-62  tank  cannon  can  hit  targets 
(tank  size)  also  with  a  probability  of  at  least  50  percent.  For  ranges 
between  500  and  3500  meters,  the  operational  Soviet  antitank  guided  mis¬ 
sile  systems  have  a  hit  probability  of  between  80  and  90  percent  against 
tank-sized  targets.  Thus,  these  antiarmor  systems  fit  together  in  a  tac¬ 
tical  system  which  is  extremely  effective  at  ranges  out  to  about  3500 
meters.  The  typical  deployment  of  these  weapon  systems  in  a  defensive 
posture  reflects  this  capability  (see  Threat  Battlefield  Tasks/Techniques 
below) . 

Figure  7  presents  the  expected  manner  of  deployment  of  the  Sagger 

antiarmor  systems  discussed  in  this  section  for  a  hasty  defense  by  a 

Soviet  motorized  rifle  regiment  equipped  with  BMPs.  In  this  defense,  it 

is  assumed  that  the  Soviet  forces  have  not  had  time  to  lay  in  mines  or  dig 

trenches  to  provide  protection  for  dismounted  troops.  Thfs  figure  is 
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based  on  information  found  in  TRADOC  Bulletin  2  (U) ,  and  thus  reflects 
the  US  Army's  current  information  concerning  Soviet  doctrine  in  this 
respect. 

Threat  air  defense  weapon  systems.  Soviet  forces  have  a  complete 
air  defense  system  that  Integrates  the  complementary  capabilities  of  in¬ 
dividual  weapons,  antiaircraft  guns,  and  antiaircraft  missiles  to  form 

63 

a  protective  screen  around  and  above  their  ground  forces.  This  air 
defense  "umbrella"  may  extend  as  far  as  50  kilometers  beyond  the  initial 
62 
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Based  on  information  contained  in  TRADOC  Bulletin  2  (U) ,  Soviet  ATCVa:  Capabilities  crA  Coimter- 
April1*I9^5?e*3artnent  °f  the  Aray’  tTS  Ancy  Tralnin8  and  Doctrine  Cotmand,  Fort  Monroe,  Virginia, 


disposition  of  Soviet  ground  forces  end  In  the  air  up  to  altitudes  of 
100,000  feet  [30.5  kiloneters].  The  systems  comprising  this  umbrella 
ere  generally  limited  to  llne-of-slght  for  target  acquisition.  For  full 
advantage  they  must  be  deployed  in  relatively  open  terrain.  Some  com¬ 
ponents  of  the  system  have  limited  mobility.  This  tends  to  reduce  the 
overall  effectiveness  of  the  imibrella  when  ground  forces  advance  rapidly 
as  they  may  "outrun"  the  less  mobile  elements  of  the  air  defense  system. 

In  general,  opposing  ground  forces  with  their  complementary  air  sup¬ 
port  (e.g.,  helicopters  or  high  performance  fixed-wing  aircraft)  which 
face  the  Soviet  air  defense  imbrella  can  expect  to  be  subjected  to  fire 
from  the  SA-2,  the  SA-4,  and  the  SA-6  guided  mlaslle  systems  first. 

Next,  they  can  expect  to  encounter  mobile  antiaircraft  guns  such  as  the 
ZSV-57-2  and  towed  systems  like  the  Z SV-23-2  twin  antiaircraft  cannon, 
the  ZSU-4  four  barreled  machinegun,  and  the  S-60  single  barreled  cannon 
Next,  smaller  guided  missile  systems  such  as  the  SA-7  and  the  SA-9  are 
likely  to  be  encountered.  Finally,  at  the  level  of  Individual  soldier  or 
armored  combat  vehicle,  such  weapons  as  14.5nn  and  12.7mm  heavy  machine- 
guns,  as  well  as  automatic  aaaault  rifles,  will  be  employed  against 
Incoming  aircraft  Figure  8  presents  the  protective  envelopes  provided 
by  selected  of  these  weapon  systems  schematically,  and  as  well,  their 
likely  positions  relative  to  an  Initial  defense  llne.^  Table  4  presents 
the  data  on  which  this  figure  Is  based.  The  following  paragraphs  briefly 
discuss  these  systems. 

65TC  17-17,  op.  ait. 
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Table  4.  Ranges  and  Location  Relative  to  the  Threat  FEBA  for  Selected 
Throat  Antiaircraft  Cannon,  Machlnegun,  and  Missile  Systems 


Antiaircraft 

System 

FEBA  Location 

Lateral 

Ranoe 

A1 tl tude 

SA-2 

50  km  behind  FEBA 

53  km 

0.15-30.5  km 

SA-4 

10  km  behind  FEBA 

60  km 

0.06-15.2  km 

SA-6 

5  km  behind  FEBA 

37  km 

0.06-20.1  km 

SA-7 

Frontline  positions 

2  km 

3  km 

SA-9 

Frontline  positions 

2+  km 

3+  km 

ZSU-57-2 

Frontline  positions 

12  km 

4  km 

2SU-23-4 

5  km  behind  FEBA 

5  km 

2.5  km 

ZSU-23-2 

Frontline  positions  to 

100  km  to  rear  of  FEBA 

5  km 

2.5  km 

ZPU-4 

Frontline  positions  to 

100  km  rear  of  FEBA 

1.4  km 

1.4  km 

S-60 

10  km  behind  FEBA 

12  km 

5.8  km 
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The  SA-2  (Guideline)  ays  tea  la  composed  of  *  battery  of  alx  single 

mobile  missile  launchers,  s  fire-control  radar  system,  and  a  loader 

vehicle.  This  system  fires  aurfaee-to-slr  missiles  which  are  effective 

at  altitudes  of  500  to  100,000  feet  (150  meters  to  30.5  kilometers]  out 

to  approximately  53  kilometers  from  the  launch  site.  Overall,  it  Is 

judged  to  have  limited  mobility.  It  is  usually  deployed  about  40  to  50 

69,70 

kilometers  behind  frontline  Soviet  positions. 

The  SA-4  (Ganef)  system  Is  a  low-altitude,  surface-to-air  guided 

missile  aystem  composed  of  three  twin  launchers,  s  fire-control  radar 

vehicle,  and  a  single  loader  vehicle.  The  twin  launcher  vehicles  are 

tr<v  ad  and  capable  of  a  360-degree  traverse.  The  other  vehicles  are 

also  tracked.  The  ml.  .les  fired  by  this  system  are  effective  at  altl- 

tudea  from  200  to  50,000  feet  [60  meters  to  15.2  kilometers]  out  to 

approximately  60  kilometers.  Overall,  It  has  reasonably  good  mobility 

due  to  the  fact  that  all  vehicles  In  the  battery  are  tracked.  Usually, 

71,72 

this  system  Is  deployed  to  10  kilometers  behind  frontline  positions. 

The  SA-6  (Gainful)  system  Is  s  low-altitude,  surface-to-air  guided 
missile  system  composed  of  three  triple  launcher  vehicles,  a  fire-control 
radar,  and  a  single  loader  vehicle.  All  vehicles  In  the  battery  are 
tracked.  Further,  the  launcher  vehicles  (which  use  components  of  the 
ZSU-23-4  chassis)  have  a  360-degree  traverse  capability.  The  missiles 
fired  by  the  system  are  designed  for  use  against  low  altitude  targets 
(e.g.,  200  to  400  feet  [60  to  120  meters],  but  have  a  celling  of  66,000 

69rc  17-17,  op.  eit. 
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FM  17-50,  op.  ott. 
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TC  17-17,  op.  ott. 
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feet  [20.1  kilometers],  Ita  aaxlaua  lateral  range  la  about  37  kilometers. 

Usually,  thla  ayatca  la  daployed  flva  to  ten  klloaetera  behind  frontline 
73,74 

poaltlona. 

The  SA-7  (Grail)  ayatea  la  a  hand-held,  low-altitude,  surface-to-air 

ay  a  ten  which  la  alghted  optically  by  lta  gunner.  It  flrea  a  heat-aeeklng 

alaalle  alallar  to  the  US  Reday*  ayatea.  It  haa  a  naxiaum  celling  of 

10,000  feet  [3030  aetera]  and  a  lataral  range  of  two  klloaetera.  Uaually 

It  la  deployed  at  the  platoon  level. 

The  SA-9  (Gaekin)  alaalle  ayatea  la  an  laproved  veralon  of  the  SA-7. 

However,  It  la  longer  and  heavier  with  a  store  powerful  warhead  and  a 

77 

greatar  range,  e.g.,  about  flva  klloiMtera .  As  a  consequence,  It  la 
no  unted  on  a  vehicle  (BRDfi)  and  Is  flrad  froa  quadruple  canlater  launchers. 
According  to  recent  lnfonatlon,  the  SA-9  (Gaekin)  systen  Is  currently 
replacing  tha  low-altitude  SA-5  (GOA)  ayatea  which  waa  designed  to  supple- 
aent  the  SA-2  system's  high-altitude  capability.7** 

As  discussed  In  the  Threat  Armor  section  of  this  chapter,  the  ZSU- 
S7-2  and  ZSU-23-4  snored  antiaircraft  systeaa  are  the  main  sources  of 
air  defense  for  motorised  rifle  and  tank  divisions.  Usually,  the  ZSU-57-2 
Is  deployed  In  six  vehicle  batteries  with  forward  ground  aanauvsr  elements. 
It  has  a  tactical  antlalrcrpft  range  of  about  four  klloaetera.  The  ZSU- 
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23-4  is  usually  deployed  with  the  SA-6  missile  battery  to  form  a  comple¬ 
mentary  Interlock  in  the  air  defense  screen.  It  has  a  tactical  anti¬ 
aircraft  range  of  2.5  kilometers  without  radar  (i.e.,  optically)  and  3.0 
kilometers  with  radar. 2^»8® 

The  ZU-23-2  towed  antiaircraft  cannon  is  an  optically-controlled 
system  composed  of  twin  23mm  cannons  mounted  on  a  towed  carriage.  It  is 
usually  deployed  with  frontline  elements  in  depth  to  100  kilometers  in 
batteries  of  six  weapons.  It  has  a  tactical  antiaircraft  range  of  2.5 
kilometers. 83,82 

The  ZPU-4  i3  an  optically-controlled  antiaircraft  machinegun  com¬ 
posed  of  four  14.5mm  machineguns  mounted  on  a  four-wheeled  towed  ^carriage. 

It  is  usually  found  within  motorized  rifle  units  at  the  regimental  level. 

83  84 

It  has  a  line-of-sight  range  of  about  1.4  kilometers.  ’ 

The  S-60  is  a  single  barreled  57mm  cannon  mounted  on  a  four-wheeled 
towed  carriage.  This  gun  is  typically  used  for  air  defense,  but  it  can 
also  be  used  against  armored  vehicles.  It  is  usually  deployed  10  kilom¬ 
eters  to  the  rear  of  forward  forces.  It  has  a  maximum  ground  range  of 
approximately  12  kilometers  and  is  effective  in  an  antiaircraft  mode  up 
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to  altitudes  of  sir  kilometers  with  off-carrlage  fire  control.  In  addl- 

DC  DC 

tlon,  It  can  be  traversed  a  full  360  degrees.  * 

The  last  line  of  defense  in  the  Soviet  air  umbrella  is  the  weapons 
of  Soviet  ground  (maneuver)  forces,  e.g.,  vehicle-mounted  machlneguns, 
Individual  weapons,  and  the  SA-7  (Grail)  hand-held  missile  system.  As 
Indicated  in  the  section  discussing  threat  armor,  many  armored  vehicles 
mount  12.7mm  or  14.5mm  heavy  machlneguns  for  air  defense.  The  12.7mm 
machinegun  has  an  effective  range  out  to  about  one  kilometer,  while  the 
14.5mm  machinegun  has  an  effective  range  of  about  1.4  kilometers.  Indi¬ 
vidual  weapons  (e.g.,  the  7.62m<i  AKM  assault  gun  or  the  7.62mm  RKP  squad 
automatic  weapon)  have  effective  ranges  out  to  about  500  meters.  Finally, 

as  discussed  above,  the  SA-7  (Grail)  missile  is  effective  out  to  about 

87 

two  kilometers  up  to  altitudes  of  about  10,000  feet  [3050  meters]. 

It  is  evident  from  the  number  and  deployment  of  the  various  systems 
which  comprise  the  Soviet  air  umbrella  that  they  emphasize  attainment  and 
retention  of  tactical  air  supremacy  over  the  battlefield.-  Armored  anti¬ 
aircraft  systems  (e.g.,  ZSU-2Z-4)  organic  to  motorized  rifle  and  tank 
divisions  may  be  found  a»'  far  forward  os  leading  tank  elements.  Forward 
combat  elements  have  the  capability  for  air  defense  using  both  heavy 
machlneguns  and  the  SA-7  (Grail)  missile  system.  In  the  1973  Arab- 
Israeli  War,  such  an  umbrella  proved  to  be  quite  effective  in  denying 
the  Israeli  Air  Force  the  use  of  the  battlefield  air  space.  For  example, 
due  to  the  Soviet-type  air  defense  umbrella  established  by  the  Egyptians 
and  Syrians  at  the  Suez  Canal  and  in  the  Golan  Heights,  respectively,  the 


Israeli  Air  Force  was  initially  kept  from  making  strikes  within  the  Egyp- 
taln  or  Syrian  Interior.  In  addition,  the  Israeli  Air  Force  was  able  to 
provide  only  the  most  limited  close-air  support  to  the  Israeli  ground 

Ofi 

forces  in  the  area  where  the  unbrella  was  located.  Thus,  the  targets 

provided  by  the  components  of  this  umbrella  (particularly  those  In  the 

forward  areas  of  the  Soviet  defensive  zone)  are  exceedingly  important 

with  respect  to  the  modem  battlefield. 

Threat  artillery.  Prior  to  1968,  it  was  argued  that  NATO  and  Warsaw 

Pact  forces  were  roughly  equal  in  artillery  and  mortar  tubes.  However,  it 

was  pointed  out  that,  in  fact,  the  Soviets  had  the  advantage  in  artillery 

tubes  and  saturation  multiple  rocket  launchers.  NATO  forces,  on  the 

other  hand,  had  an  advantage  in  infantry  light  mortars.  Since  that  time 

the  situation  has  changed  to  favor  the  Soviets.  During  this  period  of 

time  they  have  significantly  strengthened  their  artillery  capability  (by 

increasing  the  number  of  artillery  tubes)  and  increased  the  number  and 

caliber  of  their  mortars.  Now,  Soviet  divisions  average  -approximately 

the  same  number  of  artillery  tubes  as  equivalent  American  division,  even 

though  they  are  numerically  smaller  than  American  divisions.  The  Soviet 

divisions  now  present  in  East  Cermany  have  about  as  many  artillery  tubes 

as  US  forces  and  other  NATO  forces,  division  for  division.  Because  of  the 

large  number  of  Warsaw  Pact  divisions,  it  is  thus  estimated  that  they  now 

89 

have  more  artillery  capability  than  their  NATO  counterparts. 
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A.  Farrar-Hockley.  "II.  The  October  War,"  in  E.  Monroe  and  A.  Farrar- 
Hockley,  The  Arab-Ieracli  War,  October  1973,  Background  and  Events, 
Adelphi  Papers,  No.  Ill,  The  International  Institute  of  Strategic 
Studies,  London,  England,  Winter  74/75,  pp  14-31. 


As  is  true  with  US  forces,  the  principal  means  of  fire  support  for 

Soviet  advancing  ground  forces  is  artillery.  Soviet  doctrine  in  stressing 

the  offensive  breakthrough  for  advancing  ground  forces  specifies  that 

leading  maneuver  forces  should  be  supported  by  artillery  densities  of 

70-100  tubes  per  kilometer  of  front. Further,  it  is  expected  that 

this  artillery  will  fire  at  high  rates  for  relatively  long  periods  of  time, 

91 

e.g.,  20  to  40  minutes.  Thus,  artillery  is  also  an  important  component 
of  Soviet  forces  and  are  targets  of  definite  importance. 

The  most  common  forms  of  Soviet  artillery  are:  (a)  the  120mm  mortar 
with  a  range  of  5.0  to  5.7  kilometers,  (b)  the  122mm  towed  howitzer  with 
a  range  of  15.3  kilometers,  (c)  the  152mm  towed  howitzer  with  a  range  of 
17.3  kilometers,  (d)  the  truck-mounted  rocket  launcher  with  a  range  of 
20.5  kilometers,  and  (e)  the  122mm  and  152mm  self-propelled  guns.  Not 
much  is  known  currently  about  these  two  latter  weapons  with  respect  to 

qn  no 

their  effective  range.  Both  are  mounted  on  tracked  vehicles ,  and 

are  thus  highly  mobile. 

94 

According  to  TC  7-24,  the  typical  Soviet  motorized  rifle  and  tank 
divisions  each  have  an  attached  artillery  regiment  with  a  total  of  54 
152mm  and  122mm  howitzers.  Assuming  six  howitzers  per  battery,  there 
are  nine  batteries  per  artillery  regiment.  These  batteries  operate  at 
the  division  level  to  provide  indirect  fire  support  for  advancing  divi¬ 
sion  ground  forces.  In  addition,  each  Soviet  motorized  rifle  regiment 
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has  an  organic  six-howitzer  artillery  battery  (usually  122mm  howitzers) 
which  provides  artillery  support  at  the  regimental  level.  Finally,  with¬ 
in  the  artillery  regiments  attached  to  motorized  rifle  and  tank  divisions, 
there  are  three  batteries  of  multiple-barreled  rocket  launchers  with  six 
launchers  per  battery.  These  are  also  located  within  the  operational  area 
of  the  division  to  the  rear  of  advancing  or  defending  division  ground 
forces . 

For  all  practical  purposes,  only  relatively  few  indirect  fire  artil¬ 
lery  systems  such  as  howitzers  are  likely  to  be  encountered  in  the  front¬ 
line  battle  area,  except  during  periods  of  rapid  breakthrough.  During 
these  times,  it  can  be  expected  that  a  significant  number  of  indirect  fire 
artillery  will  be  brought  into  the  main  battle  area  so  that  they  are  with¬ 
in  range  of  and  can  bring  heavy  concentrations  of  fire  on  enemy  rear  areas. 

On  the  other  hand,  the  120im  mortar  is  found  at  the  battalion  level. 

95 

According  to  TC  7-2A,  each  Soviet  motorized  rifle  battalion  has  attach¬ 
ed  to  it  one  mortar  platoon  composed  of  one  officer,  35  enlisted  men, 
and  six  120mm  mortars.  Generally,  these  weapons  are  deployed  with  the 
second  echelon  defense  forces  in  both  the  deliberate  and  hasty  defense 
situations  in  two  groups  of  three  mortars  each.  An  example  of  their 
deployment  in  a  deliberate  defense  is  shown  in  Figure  14. 

Threat  Mobility  and  Airborne  Capability 

Currently,  Soviet  forces  do  not  place  as  great  an  emphasis  on  the  use 
of  helicopters  to  achieve  mobility  as  US  ground  forces.  This  is  evident 
from  Figure  9,  which  shows  the  number  of  various  types  of  military  equip¬ 
ment  per  thousand  men  for  both  US  and  Soviet  land  forces  world  wide. 

^ ibid . 
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tanks  attack  a/c  interceptors  helos 


N.  Augustine.  Operations  Research  and  the  Next  War,"  Avry  Research,  and  CeveZcpTeKi  Ileus  Kacaz'lr.e 
Noveir.ber-DeceF.ber  1975,  p.  23,  adapted  from  Figure  2. 


From  this  figure  it  is  clear  that  the  Soviets  have  placed  their  emphasis 

on  a  tank  force,  while  US  forces  have  placed  their  emphasis  on  a  tank/ 

helicopter  force.  However,  this  is  not  to  deny  the  existence  and  use  of 

the  helicopter  by  Soviet  ground  forces. 

The  Hilitary  Balance  1974-1975 ^  estimates  that  the  Soviets  employ 

at  least  2500  helicopters  to  support  their  ground  forces.  These  are  or- 

ganized  into  regiments  attached  to  tactical  air  armies.  In  a  military 

conflict,  at  least  one  tactical  air  army  with  its  helicopter  resources 

would  be  assigned  to  a  Soviet  Army  Group  (similar  to  a  US  Army  Group)  for 

q  q 

use  by  the  commander  as  required.  The  helicopters  that  could  be  expect¬ 
ed  to  be  available  for  deployment  by  the  commander  are:  (a)  the  Mi-6 
(Hook) ,  an  air  transport  helicopter  capable  of  lifting  an  ASU-85  air¬ 
borne  assault  gun  (a  tracked,  turretless  armored  vehicle  with  an  85mm 
main  gun)  and  65  combat-equipped  infantrymen,  (b)  the  Mi-8  (Hip),  an  air 
transport  helicopter  capable  of  carrying  24  combat-equipped  infantrymen, 

(c)  the  Mi-10  (Harke)  and  the  Mi-12  (Homer),  large  transport  helicopters 

100 

designed  to  carry  loads  of  15  and  27  tons,  respectively,  and  (d)  the 
Mi-24  (Hind),  a  true  attack  helicopter,  is  equipped  with  a  machinegun  in 
the  nose,  rocket  pods  and  (in  one  model)  antitank  guided  missile  launchers 


"Countries  and  Principal  Pacts:  The  United  States  and  the  Soviet  Union," 
in  The  Military  Balance  1974-1975,  The  International  Institute  for 
Strategic  Studies,  London,  England,  1974,  pp  3-10. 
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A  tactical  air  army  is  one  component  of  a  Soviet  Army  Group.  Each  air 
army  is  composed  of  regiments  of  transport  aircraft,  helicopter,  and 
close-air  support  required  for  the  operations  of  a  Soviet  Army  Group 
during  combat  operations. 
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attached  one  to  each  wing.  This  latter  aircraft  can  also  carry  a 

crew  of  12  combat-equipped  Infantrymen.  It  Is  expected  that  the  Mi-24 
(Hind)  helicopter  will  be  employed  not  only  in  hellbome  landing  opera¬ 
tions,  but  also  in  support  of  motorized  rifle  and  tank  forces. 

The  primary  role  the  Soviets  currently  assign  to  helicopters  is  the 
transport  of  forces  into  the  enemy's  rear  to  accomplish  a  variety  of 
tasks.  Examples  of  these  tasks  are: 

a.  to  delay  and  destroy  the  enemy's  reserve  forces, 

b.  to  capture  and  destroy  enemy  tactical  nuclear  weapons, 

c.  to  occupy  and  hold  strategic  terrain  areas,  including  water 
crossings,  mountain  passes,  gorges,  road  intersections,  etc., 

d.  to  capture  and  destroy  rear  command  posts, 

e.  to  seize  and  secure  sections  of  a  coastline  in  preparation 
for  amphibious  landings  by  marine  elements. 

Although  US  forces  spend  quite  a  bit  of  time  preparing  for  combat 

operations  involving  helicopters,  Soviet  forces  believe  that  helicopter 

assaults  can  be  planned  and  launched  in  a  matter  of  hours.  Based  on  the 

104 

results  of  recent  Soviet  field  exercises,  this  appears  to  be  feasible. 

Nearly  all  large  scale  Soviet  and  Warsaw  Pact  forces  exercises  have  in¬ 
volved  helicopter-delivered  assault  forces.  These  exercises  have  not 
only  included  the  delivery  of  troops,  but  also  helicopters  operating  in 
a  fire-support  role.  Further,  in  these  exercises  there  has  been  an 
emphasis  on  employing  helicopters  against  armor.  Thus,  it  is  clear  that 
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the  Soviets  and  their  allies  arc  likely  to  employ  the  attack  helicopter  to 

some  extent  in  future  military  conflicts  involving  their  ground  forces.*^ 

However,  ns  indicated  above,  the  Soviets  (as  of  the  1974-75  time 

frame)  had  only  2500  helicopters  in  their  inventory,  compared  to  the  10,000 

106 

helicopters  in  the  US  inventory.  Further,  in  this  same  time  frame  they 

107 

had  over  12,400  main  battle  tanks.  Thus,  within  the  overall  compo¬ 
sition  of  Soviet  forces,  helicopters  represent  (at  best)  only  a  small 
fraction  of  the  military  equipment  likely  to  be  encountered  on  a  future 
battlefield.  As  a  consequence,  it  can  be  expected  that  as  long  os  the 
Soviets  employ  a  small  number  of  helicopters  in  their  army,  these  air¬ 
craft  are  likely  to  be  seen  only  on  an  infrequent  basis  in  a  future  battle¬ 
field  situation. 

Threat  Battlefield  Tactics/Techniques 

The  Soviets  and  their  associated  forces  have  opted  for  rapid  offen¬ 
sive  operations  in  order  to  prevent  the  mobilization  of  the  potentially 
greater  manpower  of  NATO  forces  in  Europe.  Their  strategy  may  be  best 
characterized  in  the  following  manner:  a  quick  and  overwhelming  offen¬ 
sive  developed  from  resources  specifically  designed  for  armored  warfare 
(in  both  a  mid-  and  high-intensity  combat  environment)  and  rapid  deploy¬ 
ment.  Soviet  doctrine  stresses  offensive  tactics.  As  a  result,  manpower 
commitments  will  peak  early  during  a  conflict.  Their  strategy  also  in¬ 
cludes  attacks  in  the  enemy's  rear  areas  to  destroy  his  capacity  to 
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continue.  It  Is  the  purpose  of  this  section  of  the  report  to  discuss 

the  Soviet  concept  of  warfare  In  some  detail  with  respect  to  both  the 

108 

defense  and  the  offense. 

At  the  operational  (conceptual)  level,  the  Soviets  have  adopted 
and  Improved  the  German  blitzkrieg  concept,  while  at  the  tactical  (Imple¬ 
mentation)  level  they  have  continued  to  emphasize  the  mass  attack.  The 
blitzkrieg  concept  of  warfare  holds  that  an  opponent  may  be  overwhelmed 
quickly  by  concentrating  one's  offensive  forces  on  specific  narrow  sec¬ 
tors  of  the  battle  front,  breaking  through  these  sectors,  moving  to  the 
enemy's  rear,  and  enveloping  his  forces  and  paralyzing  any  further  action 
on  the  part  of  the  enemy.  If  few  breakthroughs  are  required,  or  If  op¬ 
posing  forces  are  relatively  weak  and  lack  depth,  such  tactics  can  lead 
to  the  successful  conclusion  of  a  campaign  In  a  matter  or  days  or  weeks 

(e.g.,  Poland  In  1939).  For  stronger  defenses,  more  breakthroughs  and 

109 

additional  offensive  personnel  and  equipment  are  required.  Thus,  there 
Is  also  the  emphasis  on  mass,  i.e.,  the  massing  of  men  and  equipment  via 
armored  mobility  In  continuous  waves  until  the  enemy's  resources  are 
exhausted. 

More  specifically,  Soviet  forces  base  their  operations  on  the  follow¬ 
ing  tactical  principles:  the  objective,  the  offensive,  and  mass.^® 

For  Soviet  ground  forces,  the  objective  Is  the  most  important  aspect  of  an 
operation.  Attainment  of  the  objective  takes  precedence  over  all  else. 

As  a  consequence,  high  losses  (e.g.,  60  to  70  percent)  are  accepted  by 
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these  forces.  Further,  it  is  SOP  for  these  forces  to  bypass  all  signifi¬ 
cant  resistance,  rather  than  to  engage,  so  that  the  momentum  of  movement 
toward  the  objective  will  not  be  lost. 

It  is  doctrine  for  Soviet  forces  to  move  35-50  kilometers  every  24 
hours  in  a  mid-intensity  conflict  and  about  100  kilometers  per  24  hours 
in  a  high-intensity  conflict.  Utilizing  the  ground  mobility  afforded 
them  by  their  tanks  and  armored  combat  vehicles,  they  plan  to  maintain 
speed  and  place  continuous  pressure  on  opposing  forces.  Offense  rather 
than  defense  is  the  basis  of  all  their  strategy. 

Recognizing  that  it  is  not  always  possible  to  bypass  an  enemy  force, 
Soviet  ground  elements  emphasize  penetration  tactics  to  break  through 
enemy  forces  in  order  to  move  to  these  forces'  rear.  Also,  Soviet  ground 
forces  are  trained  for  a  24-hour  battle  day.  All  of  their  vehicles  carry 
night  vision  devices.  As  a  result,  Soviet  forces  can  keep  continuous 
pressure  on  opposing  forces  employing  masses  of  personnel.  This  employ¬ 
ment  of  masses  of  men  and  equipment  is  the  third  principle  emphasized  by 
Soviet  forces.  One  consequence  of  the  employment  of  this  principle  is 
that  Soviet  forces  can  sustain  high  losses,  if  necessary.  More  impor¬ 
tantly,  bv  massing  large  groups  of  men  at  the  breakthrough  area,  an 
opposing  force  cannot  possibly  contain  a  breakthrough  without  resorting 
to  employing  the  same  tactic  or  employing  nuclear  weapons  (with  the  possi¬ 
bility  of  adversely  affecting  its  own  troops  in  the  area) . 

From  this  discussion,  it  is  clear  that  Soviet  doctrine  is  based  on 
the  belief  that  a  decisive  victory  can  be  achieved  only  by  offensive 

action  supported  by  massive  numbers  of  highly  mobile  troops  and  equipment 

; 

who  have  the  capability  of  rapid  movement.  In  addition,  the  Soviets 
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believe  that  the  coordinated  employment  of  combined  arms  Is  essential  for 
success.***  Thus,  motorized  rifle  units  can  seldom  be  expected  to  operate 
without  support  from  rear  area  artillery,  antitank  armor,  and  engineering 
elements.  Further,  as  Is  evident  from  the  discussion  concerning  dir 
defen  c,  Soviet  forces  employ  large  numbers  of  mobile  and  semi-mobile  air 
defense  systems  to  protect  their  troops  from  opposing  high  performance 
aircraft  and  helicopter  weapon  platforms. 

Given  that  the  typical  combat  operations  likely  to  be  initiated  by 
Soviet  ground  forces  on  future  battlefields  will  be  offensive  operations, 
it  is  Important  to  have  some  understanding  of  the  organization  and  actions 
Soviet  forces  are  likely  to  take  in  these  situations. 

Threat  forces  attack  in  mass  using  an  echelon  formation,  i.e.,  a 
formation  in  which  subdivisions  (divisions,  regiments,  battalions  or 
companies)  are  placed  behind  one  another  at  varying  distances  depending 
on  the  tactical  situation.  For  example,  an  attacking  motorized  rifle 
regiment  is  usually  organized  into  two  echelons.  The  first  echelon  (com¬ 
posed  of  two  motorized  rifle  battalions  and  elements  of  a  tank  battalion) 
initiate  the  attack  and  have  the  primary  mission  of  defeating  the  enemy. 
The  second  echelon  (usually  composed  of  a  motorized  rifle  battalion) 
follows  the  route  of  advance  of  the  first  echelon  forces  and  has  the 
secondary/followup  mission  which  may  change  as  the  tactical  situation 
develops.  In  particular,  its  main  purposes  are  to  provide  for  maintaining 
a  high  tempo  of  advance,  to  repel  enemy  counterattacks,  and  to  exploit 
offensive  successes  of  the  first  echelon.  The  march  formation,  direction 
of  attack,  and  area  of  commitment  are  designed  to  provide  direct  support 


S.  Lovasz.  "Soviet  Motorized  Rifle  Company,"  Infantry ,  November- 
December  1975,  65(6),  30-35. 
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to  Che  attack  of  the  first  echelon  forces.  In  addition  to  the  first  and 

second  echelon  forces  discussed  above,  there  are  usually  relatively 

small  reserve  forces.  At  the  regimental  level  these  may  be  composed  of 

one  or  two  motorized  rifle  companies  and  are  generally  heavy  in  tanks. 

It  is  typical  for  threat  forces  during  an  attack  to  try  to  achieve 

at  least  a  three-to-one  advantage  in  both  personnel  and  weapon  systems. 

They  attempt  to  penetrate  forward  positions  and  seize  deep  objectives 

somewhat  separated  from  each  other.  Following  the  successful  seizure  of 

their  objectives,  these  forces  move  on  to  new  objectives.  According  to 
112 

TC  7-24,  it  is  generally  expected  that  an  attack  by  a  motorized  rifle 
regiment  will  be  conducted  in  the  following  manner: 

a.  Prior  to  the  attack,  single  or  paired  visual  reconnaissance 
aircraft  sorties  will  be  flown  to  obtain  Information  about  the  location  of 
enemy  positions  and  strength.  These  will  be  high  performance  aircraft  at 
low  altitudes. 

0 

b.  Armored  reconnaissance  elements  (two  combat  vehicles,  PT-76 
or  BRDM)  will  be  seen  moving  with  a  lateral  separation  of  about  100  meters 
toward  the  enemy  position.  Following  these  vehicles  at  a  range  of  about 
one  kilometer,  three  BMPa  will  be  seen  also  moving  toward  the  enemy 
position.  Their  area  of  responsibility  will  be  across  a  front  of  about 
1.5  kilometers  wide. 

c.  To  the  left  and  right  about  1.5  kilometers,  the  situation 
described  in  (a)  and  (b)  above  will  be  replicated. 

d.  Assuming  that  no  unguarded  routes  are  located  by  the  recon¬ 
naissance  elements,  a  probing  attack  will  be  initiated.  This  will  be 

112Tc  7-24,  op.  ait. 
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likely  accomplished  by  six  BMPo  and  four  T-62o  moving  toward  the  enemy 
position.  These  vehicles  will  take  maximum  advantage  of  cover.  The  area 
covered  by  these  vehicles  will  approximate  a  rectangle  400  meters  wide  by 
200  meters  deep.  The  T-C2c  will  normally  take  up  positions  about  100 
meters  In  front  of  the  PMI'o.  Both  the  tanks  and  the  PbTa  will  keep  a 
lateral  separation  of  about  100  meters.  The  PMPe  will  usually  move  In 
pairs. 

e.  Assuming  that  the  probing  attack  falls,  the  quick  attack 
may  be  expected  next.  Usually,  this  will  be  Implemented  within  one  hour 
of  the  probing  attack.  It  can  be  expected  to  take  place  across  an  area 
about  two  kilometers  wide.  This  attack  will  likely  be  conducted  by  12 
T-62  tanks  and  30  BMPe .  It  typically  commences  with  artillery  prepara¬ 
tion  consisting  of  about  2000  rounds  of  high  explosive  as  well  as 
nonpe*slstent  chemical  and  smoke  rounds.  After  about  20  minutes,  the  ad¬ 
vancing  tanks  and  PHTa  will  be  seen.  The  Initial  deployment  of  these 
units  at  about  four  to  six  kilometers  from  the  opposing  force's  frontline 
Is  depicted  In  Figure  10.  At  this  point  the  tanks  and  PbFa  will  be  In 
column  formation.  At  about  one  to  three  kilometers  from  the  enemy's 
frontline  position,  these  vehicles  will  deploy  as  depicted  In  Figure  11 
Into  platoon  columns.  At  about  two  kilometers  or  less,  the  actual 
assault  begins  with  tanks  firing  on  the  move.  Finally,  at  about  one 
kilometer  or  less  from  the  enemy's  frontline  position,  these  forces  will 
deploy  Into  the  battle  formation  depleted  In  Figure  12. 

f.  Assuming  that  the  quick  attack  fails,  the  lending  elements 
of  the  tank  and  motorized  Infantry  force  that  conducted  this  attack  will 
prepare  a  hasty  defense  near  the  opposing  force's  frontline.  Next,  after 


Figure  10.  Initial  deployment  of  a  threat  motorized  rifle  battalion 
at  about  A  to  6  kilometers  from  the  FEBA.  3 
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Figure  11.  Deployment  of  a  threat  motorized .rifle  battalion  at  about 
1  to  3  kilometers  from  the  FtiiA. 


Reproduced  from  TC  7-24,  Antiamor  Taotioe  and  Techniques,  Department 
of  the  Army,  US  Army  Infantry  School,  Fort  Bennlng,  Georgia,  30 
September  1975. 
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CjUjIioii  normally  attempts  tu  deploy  into  battle  formation  1  km  or  less  from  our  position.  Maintain- 
ir.ij  movement  in  columns  increases  speed  of  advance.  Assault  berjins  at  2  km  or  less  depending  on  terrain. 


Figure  12. 


Battle  formation  of  threat  motorized  rifle  battalion  at 
about  1  kilometer  or  less  from  the  FEBA.-  5 


115 

Reproduced  from  TC  7-24,  Antiamor  Taotioe  and  Techniques,  Department 
of  the  Army,  US  Army  Infantry  School,  30  September  1975. 
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reconnaissance  has  located  Important  targets  and  engineering  support  has 
cleared  lanes  through  enemy  obstacles,  a  15  to  30  minute  artillery  bar¬ 
rage  will  be  directed  against  the  opposing  force's  frontline  position  and 
critical  targets  located  by  the  reconnaissance.  The  leading  elements  of 
the  Soviet  assault  force  will  move  to  within  100  meters  of  the  impact  of 
the  artillery  fire.  Next,  after  this  fire  has  been  shifted  to  targets 
away  from  the  opposing  force's  frontline  toward  their  rear,  the  assault 
will  be  commenced. 

g.  The  main  assault  will  be  launched  by  second-echelon  forces 
and  be  covered  by  the  forces  already  in  contact.  Tanks  will  lead  the 
assault,  firing  their  machlneguns  and  their  main  guns  on  the  move.  For 
Important  targets  they  will  halt  to  fire  (four  to  eight  seconds).  Follow¬ 
ing  the  tanks  will  be  the  motorized  infantry  in  PMPp  (if  mounted)  or  on 
foot  (if  dismounted).  The  tanks  usually  will  keep  a  lateral  separation 
of  about  100  to  150  metera.  The  tank-to -PUT  distance  usually  will  be  kept 
to  about  300  to  500  meters  for  mounted  operations  and  100  meters  for  dis¬ 
mounted  operations.  For  this  attack,  it  may  be  expected  that  either  two 
or  three  reinforced  motorized  rifle  companies  will  constitute  the  main 
force  of  the  attack.  In  addition,  there  will  likely  be  an  antitank 
reserve,  and  engineer  section,  and  a  mortar  platoon.  These  latter  forces 
will  be  positioned  initially  in  an  area  behind  the  advancing  forces 
about  four  kilometers  deep. 

Deliberate  attacks,  such  as  the  one  described  in  the  previous  para¬ 
graph,  are  usually  conducted  at  night.  Quick  attacks  are  more  common 
during  the  day.  The  principles  employed  for  the  attack  at  night  are 
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basically  the  6ame  as  applied  for  the  day  attack.  The  following  excep¬ 
tions  nay  be  noted: 

a.  At  night,  the  infantry  (dismounted)  will  more  often  lead 
the  attack.  However,  having  night  vision  capability,  armor  will  some¬ 
times  lead  the  attack. 

b.  The  divisional  second  echelon  will  normally  wait  until  day¬ 
light  to  pass  through  the  first  echelon  to  continue  an  attack. 

c.  Maneuver  Is  kept  simple,  following  terrain  nnd  road  net¬ 
works  . 

d.  Column  formations  are  more  likely  to  be  employed  at  night 
for  conducting  movement. 

e.  I.ess  use  of  artillery  preparation  may  be  expected  so  that 
the  element  of  surprise  may  be  employed  against  the  enemy. 

As  discussed  above,  Soviet  forces  stress  the  offense  as  the  primary 
combat  operation.  However,  it  Is  recognized  by  these  forces  that  a  tac¬ 
tical  defense  will  on  occasion  be  necessary.  Soviet  doctrine  Indicates 
that  a  defensive  position  would  be  taken  up  under  the  following  condi¬ 
tions  : 


a.  to  economize  forces  in  one  area  to  free  forces  for 
another  area, 

b.  to  gain  time, 

c.  to  destroy  attacking  forces, 

d.  to  provide  cover  for  other  forces  In  the  process  of  with¬ 
drawal.117 

Soviet  forces  deploy  into  two  types  of  defensive  postures:  a  hasty 
defense  and  a  deliberate  defense.  The  hasty  defense  is  assumed  when  an 
attack  has  become  stalled  temporarily.  The  deliberate  defense  is  assumed 
when  a  decision  Is  made  to  halt  an  advance  for  more  than  a  few  hours. 


H6tc  7-24,  op.  ait. 
117  Ibid. 
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The  basic  differences  between  the  two  types  of  defense  are  with  respect 
to  the  width  of  the  defense,  the  location  of  supporting  tanks,  the  amount 
of  construction  required,  the  complexity  of  antlarmor  and  artillery  fire 
pians,  and  the  depth  of  the  security  rone  forward  of  the  defensive  front¬ 
line.  The  following  paragraphs  will  discuss  both  of  these  defenses  In 
some  detail  with  respect  to  the  above  areas  of  differences  for  a  motorized 
rifle  battalion.  This  Information  Is  based  on  material  contained  in  TC 
7-24118  and  FM  17-50. 119 

In  the  deliberate  defense,  Soviet  ground  forceB  deploy  In  three  basic 
zones:  the  security  zone,  the  forward  zone,  and  the  main  defense  zone. 

The  security  zone  extends  from  the  front  of  the  main  position  to  about  16 
kilometers  forward  of  this  position.  In  front  of  this  zone  there  are 
usual 1'  reconnaissance  troops  In  armored  vehicles  (rT-?P,  PPPHo)  scouting 
for  approach  routes,  headquarters,  and  tanks.  Under  pressure  they  pull 
back  to  the  main  position  where  they  cover  gaps,  watch  flanks,  and  secure 
the  rear  of  this  position.  The  security  zone  is  manned  by  elements  of  the 
motorized  rifle  division’s  second  echelon.  They  a^e  placed  in  positions 
on  the  most  important  axes  of  advance.  These  troops  are  organized  into 
reinforced  platoon  or  company  sized  strongpolnts. 

At  the  rear  of  the  security  zone  ire  the  forward  positions  which  are 
established  at  points  up  to  five  kilometers  In  front  of  the  main  defense 
position.  These  are  manned  by  reinforced  platoon  and  company  sized  units. 
They  correspond  in  relative  position  to  the  strongpolnts  of  the  main 
defense.  Finally,  at  a  distance  of  from  500  to  1000  meters  from  the 
frontline  defense  position,  battle  outposts  will  often  be  found  when 


FM  17-50,  op.  tut. 


forward  positions  have  not  been  established.  These  are  manned  at  the  pla¬ 
toon  level  of  strength.  Figure  13  presents  this  Information  schematically, 
Indicating  the  relative  positions  of  the  forces  in  the  security  zone  and 
hack  toward  the  main  defense  line. 

Figure  14  presents  the  typical  layout  for  a  Soviet  main  defense  rone. 
Tills  figure  presents  the  situation  for  a  battalion  deployed  along  a  5000 
meter  frontage  and  to  a  4000  meter  depth.  This  area  la  organized  Into 
two  echelons  and  has  three  basic  lines  of  defense.  The  first  echelon  con¬ 
sists  of  two  reinforced  companies  deployed  Into  platoon  sired  strongpolnts 
such  that  two  lines  of  defense  ere  presented.  The  second  echelon  is  form¬ 
ed  bv  the  third  company  spread  across  the  defense  sector  at  about  1000 
meters  behind  the  second  defense  line.  In  addition  to  these  personnel, 
the  following  regimental  elements  are  often  deployed  within  this  defen¬ 
sive  zone:  a  medium  tank  company,  a  120mm  mortar  company,  antitank 
guided  missile  sections,  and  air  defense  artlllerv  elements. 

Figure  15  presents  the  typical  deployment  for  a  Soviet  motorized 
rifle  battalion  In  a  hasty  defense.  In  this  situation,  the  battalion  has 
pulled  off  Its  approach  route,  taken  up  defensive  positions,  and  Is 
awaiting  orders  for  further  defensive  action.  In  this  situation  the 
width  of  the  defensive  front  is  about  3000  to  5000  meters  wide.  Tanks 
are  located  to  the  rear  of  the  defensive  zone.  There  is  little  con¬ 
struction  or  trenches  or  laying  of  mines.  Fire  plans  for  antiarmor  and 
artillery  are  kept  very  simple.  The  security  does  not  extend  forward 
very  far  and  Is  not  well  defended. 
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Reconnaissance  Troops 


In  front  of  main  position 

Figure  13.  Typical  deployment  of  a  throat  motorized  rifle  battalion  unit 
In  the  security  and  forward  defensive  zones.*-0 
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Pepartment  of  the  Armv,  I'S  Arr.y  Infantry  School,  Fort  Penning,  Georgia, 
30  September  1973. 
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Figure  14.  Typical  deployment  of  threat,  motorized  rifle  battalion  units 
In  the  main  defensive  zone.  121 


Reproduced  from  TC  7-24,  Antiarmor  Tactics  and  Techniques,  Department 
of  the  Army,  US  Army  Infantry  School,  30  September  1975. 
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Threat  Tactical  Nuclear  Capabilities 


Soviet  ground  forces  are  both  structured  and  prepared  for  the  employ- 

123 

ment  of  tactical  nuclear  weapons  during  the  course  of  a  conflict  with 

124 

a  major  military  power.  In  particular,  their  organization  of  field 
forces,  much  of  their  military  equipment,  and  their  tactics  arc  designed 
for  the  posslbl  *  employment  of  tactical  nuclear  weapons.  For  example, 
their  ground  units  are  organized  for  mobility,  which  means  that  the  ef¬ 
fects  of  an  eminent  tactical  nuclear  strike  may  be  reduced  by  rapid 
dispersal.  Further,  Soviet  units  are  smaller  than  comparable  US  ground 
units  (18  battalions  per  12,000  men  motorized  rifle  division  versus  12 
battalions  per  16,000  men  US  motorized  Infantry  division)  and,  thus, 
potentially  less  of  a  field  target.  As  discussed  above,  much  of  the 
Soviet  army  is  mounted  in  armored  combat  vehicles,  which  not  only  in¬ 
creases  its  mobility,  but  also  provides  protection  against  blast  effects 
and  radiation  from  nuclear  weapons.  Finally,  in  combat,  a  linear  shock 
tactic  designed  to  hug  close  to  the  enemy  is  employed,  which  is  more 
difficult  to  target  compared  to  the  US  deployment  tactic  of  "two  up  and 

one  back."  Further,  Soviet  ground  forces  train  extensively  under  simu- 

123 

lated  nuclear  conditions.  Thus,  they  ore  presumably  familiar  with 
many  of  the  problems  a  tactical  nuclear  strike  may  cause  in  such  areas 
as  command  and  control  and  ccnnunlcallons.  For  these  reasons  then  it  may 


Tactical  nuclear  weapons  are  nuclear  munitions  designed  for  use  against 
targets  within  a  battlefield  area  or  against  targets  directly  con¬ 
nected  with  the  maneuver  of  combatants  forces.  Included  in  this  class 
of  munitions  are  nuclear  missile,  nuclear  artillery  rounds,  and 
nuclear  mines. 
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"S.  Canby,  op.  oit. 
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be  expected  In  a  future  conflict  with  the  Soviet/Warsaw  Pact  forces  in 
Europe  that  tactical  nuclear  weapons  could  be  employed  by  these  forces. 

The  Military  Balance  1974-1975  provides  some  information  about  the 
number  of  and  means  of  delivery  of  Soviet  tactical  nuclear  weapons.  It 
estimates  that  there  are  about  3500  nuclear  warheads  In  the  Soviet  in¬ 
ventory.  It  is  thought  that  the  yield  of  these  weapons  is  somewhat 

126 

higher  than  similar  NATO  weapons  which  are  in  the  low  kiloton  range. 

The  bulk  of  the  delivery  means  for  these  weapons  are  ground-to-ground 
missile  systems  such  as  the  Frog ,  Scud,  Shaddock,  and  Scaleboard  which 
collectively  have  ranges  up  to  about  500  miles  [800  kilometers].  In 
addition,  tactical  aircraft  such  as  the  MiG-21  (Fiehbed)  and  the  SU-7 
(Fitter)  appear  to  be  capable  of  delivering  these  weapons.  Finally, 

12 

there  is  a  203mm  cannon  which  can  fire  tactical  nuclear  tipped  rounds. 

Little  is  known  about  the  exact  conditions  under  which  the  Soviets 

and  their  allies  would  employ  tactical  nuclear  weapons  on  the  battle- 

128 

field.  According  to  Heisenberg,  Warsaw  Pact  forces  train  under  a 
scenario  that  assumes  an  American  strategic  first  strike,  followed  by  a 
Soviet  strategic  strike  and  a  full  nuclear  offensive  in  Europe.  Heisen¬ 
berg  notes  that  since  the  mid-1960s  there  have  been  indications  in  the 
Soviet  military  literature  that  a  war  in  Europe  might  be  fought  without 
such  weapons.  However,  he  points  out  there  appears  to  be  no  Soviet 
theory  of  limited  nuclear  weapons. 


v"The  Theatre  Balance  Between  NATO  and  the  Warsaw  Pact,"  op.  cit. 
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W.  Heisenberg.  The  Alliance  and  Europe:  Part  I:  Crieie  Stability 
in  Exrope  and  Theatre  Nuclear  Weapons,  Adelphi  Papers  No.  96, 

The  International  Institute  for  Strategic  Studies,  London,  England. 
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Recently,  though,  Savkln-1*-'  has  discussed  the  problem  of  nuclear 
weapons  on  the  battlefield  largely  from  the  Soviet  point  of  view.  His 
discussion  indicates  the  following  principles  of  employment  of  tactical 
nuclear  weapons  by  Soviet  forces: 

a.  Areas  near  deployed  Soviet  ground  troops  will  be  captured 
by  these  troops  with  important  targets  in  more  distant  but  adjacent  areas 
being  destroyed  by  tactical  nuclear  weapons. 

b.  Prior  to  an  attack  by  ground  troops,  critical  targets  to  the 
depth  of  the  enemy's  deployment  will  be  destroyed  with  tactical  nuclear 
weapons . 


c.  Nuclear  barriers  (zones  of  radioactive  contamination)  along 
specified  avenues  of  approach  will  be  established  to  prevent  the  enemy 
from  sending  reserves  along  these  approaches. 

d.  Nuclear  strikes  will  be  followed-up  with  penetrations  of 
tank  and  mounted  infantry  who  are  protected  in  their  combat  vehicles  from 
the  immediate  dangers  of  the  radioactivity  in  the  area.  In  addition,  air¬ 
borne  parties  will  be  landed  or  dropped  into  areas  attacked  with  these 
weapons  immediately  after  the  strike  to  destroy  resistance  of  enemy  troops 
which  remain  active. 

e.  The  wide  surprise  employment  of  nuclear  weapons  will  be  a 
significant  characteristic  of  future  operations  and  battles.  In  particu¬ 
lar,  it  will  be  the  goal  of  attacking  forces  to  employ  these  weapons 
against  important  targets  unexpectedly  at  any  time. 

f.  Enemy  forces  which  possess  nuclear  capability  (on  the  ground 
and  in  the  air)  will  be  prime  targets  for  Soviet  forces.  There  will  be 
wide  employment  of  airborne  landings  to  seize  and  destroy  enemy  nuclear 
means,  including  those  in  the  immediate  battle  area  and  those  in  the  ene¬ 
my's  rear  to  include  nuclear  weapons  storage  areas,  control  points  and 
reconnaissance  means  for  deploying  these  weapons. 

g.  Soviet  troops  will  cross  zones  of  radiation  at  rapid  speeds 
to  prevent  contamination  of  equipment  and  significant  irradiation  of  troops 

h.  Soviet  troops  will  deploy  and  engage  the  enemy  in  such  a 
manner  to  prevent  him  from  employing  his  nuclear  weapons  without  destroy¬ 
ing  his  troops. 

i.  Soviet  troops  will  remain  dispersed  to  reduce  the  effective¬ 
ness  of  enemy  nuclear  strikes.  Troops  will  mass  quickly  and  in  secret 
for  an  advance  and  attack  against  the  enemy. 


129V.  savkin.  The  Basic  Principles  of  Operational  Art  cmd  Tactics  (A 
Soviet  View),  Moscow,  1972. 
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Thus,  it  is  clear  that  Soviet  threat  forces  have  not  only  the  means 
for  employ inR  tactical  nuclear  weapons  in  a  land  war  in  Europe,  hut  also 
they  have  established  some  basic  principles  for  the  conduct  of  this  type 
of  warfare.  Overall,  it  may  be  expected  in  the  initial  stages  of  a 
confrontation  in  Europe  with  Sovtet/Warsaw  Pact  forces  that  nuclear  weap¬ 
ons  would  be  employed  against  targets  awav  from  frontline  Soviet  positions, 
i.c.,  deep  NATO  targets.  In  later  attacks,  these  weapons  would  be  em¬ 
ployed  to  achieve  conditions  for  minimum  resistance  from  defending  NATO 
forces.  In  addition,  there  appears  to  be  an  emphasis  on  early  destruc¬ 
tion  (in  such  a  conflict)  of  NATO's  capability  for  launching  tactical 
nuclear  attacks.  Therefore,  it  may  be  expected  that  initial  frontline 
battles  in  such  a  war  would  be  conventional  (mid-intensity),  but  that 
later  frontline  battles  would  be  nuclear-supported  (hlRh-intenslty) . 
However,  with  the  Soviet  desire  to  quickly  and  effectively  destroy 
NATO's  nuclear  capability,  it  may  be  expected  that,  during  the  entire 
course  of  such  a  conflict,  nuclear  weapons  would  be  employed  at  varying 
times  to  support  deep  penetration  and  the  destruction  of  NATO's  nuclear 
capability  by  destroying  delivery  systems  and  storage  centers  in  NATO 
rear  areas. 

Conclusion 

The  purpose  of  this  chapter  of  the  report  was  to  t' dent  ,md  describe 
the  target  a  and  operational  toot  ire  likely  to  be  encountered  by  V:'  ground 
forcee  in  a  futxa'e  military  conflict.  With  respect  to  this  objective, 
several  assumptions  were  made  about  (a)  where  and  against  whom  a  future 
conflict  would  be  fought  by  US  forces,  and  (b)  the  level  at  which  such  a 
conflict  would  be  fought.  First,  it  was  assumed  that  Soviet/Warsaw  Pact 


forces  or  forces  equipped  and  trained  by  the  Soviet  Union  constitute  the 
primary  threat  for  US  ground  forces  in  the  near  future.  Second,  It  was 
assumed  that  a  conflict  between  this  Identified  threat  and  US  ground 
forces  would,  for  the  most  part,  take  place  In  northern  and  central 
Europe.  Finally,  It  was  assumed  that  In  a  direct  confrontation  between 
this  threat  and  US  ground  forces  In  Europe,  both  mid-  and  high-intensity 
combat  engagements  were  likely. 

Operating  under  these  assumptions,  relevant  government  (Including 
official  US  Army  publications)  and  non-government  documents  were  reviewed 
that  addressed  the  problem  of  Sovlct/Waraaw  Pact  threat  In  a  mid-  to 
hlgh-lntenalty  European  environment.  In  particular,  threat  forces  were 
discussed  with  respect  to  strength,  equipment,  and  operational  tactics. 
Based  on  this  review,  several  overall  observations  are  noteworthy. 

First,  as  is  true  with  most  of  the  major  armies  of  the  world, 
Soviet/Warsaw  Pact  forces  are  basically  composed  of  armored  and  mecha¬ 
nized  units.  In  addition,  much  of  the  air  defense  artillery  and  Indirect 
fire  (field)  artillery  systems  are  mounted  on  self-propelled  and  tracked 
vehicles.  Thus,  Soviet  ground  forces  are  exceedingly  mobile  and  have  the 
capability  of  rapid  movement  on  the  modern  battlefield. 

Second,  from  consideration  of  the  nature  of  current  Soviet  weapon 
systems  and  Soviet  tactical  doctrine  as  discussed  in  this  chapter,  it  Is 
clear  that  the  Soviet  military  leadership  expects  future  wars  to  be  short 
and  expensive  in  terms  of  both  personnel  and  materials.  Battles  fought 
In  such  a  conflict  are  likely  to  be  quite  violent  due  to  the  lethality 
and  coverage  of  modern  weapons.  Obviously,  ‘each  side  In  such  a  war  will 
be  fighting  to  make  substantial  gains  quickly.  These  gains  will  be  the 
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basis  (It  is  suggested  by  some)  for  coming  to  n  political  solution  of  such 
a  conflict.  Thus,  the  successful  outcome  of  any  future  conflict  will 
depend  heavily  upon  the  outcome  of  these  first  violent  battles. 

For  example,  in  an  exercise  conducted  in  Europe  by  the  VS  Army 
(llunfeld  II),  the  actions  of  a  covering  force  composed  of  two  regi¬ 
mental  cavalry  squadrt  o.i,  one  tank-heavy  task  force,  and  one  attack 
helicopter  platoon,  supported  by  14  artillery  batteries  was  investigated 
as  it  defended  against  a  Soviet-type  reinforced  tank  division  in  an  as¬ 
sumed  first  battle  of  a  future  European  land  war.  The  VS  forces  were 
deployed  across  a  front  18  kilometers  wide  with  a  depth  of  18  to  36  kilom¬ 
eters.  The  aggressor  forces  comnenced  their  attack  at  approximately  one 
hour  before  daylight.  The  attack  began  with  a  25-minute  artillery  prepa¬ 
ration  by  more  than  300  tubes.  As  the  artillery  fire  slackened  and  beenme 
more  selective,  the  Soviet-type  ground  forces  attacked.  Including  the 
time  artillery  was  firing,  the  battle  lasted  for  about  90  minutes.  VS 
Army  maneuver  platoons  were  involved  in  33  of  the  total  50  engagements 
fought  during  the  battle.  Of  these,  less  than  half  involved  more  than  a 
platoon  sized  element  of  VS  forces.  Thus ,  the  battle  was  characterized 
by  substantial  movement  since  commanders  could  often  not  move  quickly 
enough  from  one  engagement  to  another  to  ensure  the  presence  of  more  than 
one  platoon. 

Finally,  losses  were  high.  On  the  US  side  a  total  of  83  tanks  and 
armored  personnel  carriers  were  lost  to  aggressor  direct  and  artillery 
fires.  On  the  aggressor  side,  a  total  of  297  tanks,  armored  personnel 
carriers,  air  defense  weapons,  etc.,  were  lost  to  US  artillery,  direct 

Tammien.  "How  to  Defend  Outnumbered  and  Win,"  Armor,  Novcmber- 
December  1975,  85(6),  39-45. 
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fire,  and  mines.  Assuming  that  this  exercise  accurately  reflected  the 
capabilities  of  both  Soviet  and  US  forces  In  Europe,  the  results  of  this 
exercise  clearly  Indicate  that  future  wars  Involving  both  US  and  Soviet 
forces  will  be  exceedingly  devastating  and  quick  in  execution.  In  par¬ 
ticular,  they  will  involve  large  numbers  of  armored  vehicles  and  anti¬ 
tank  guided  missiles,  supported  by  Infantry  In  mechanized  combat  vehicles. 
On  the  Soviet  side  this  will  be  supplemented  by  a  massive  air  defense 
umbrella  that  could  likely  preclude  significant  tactical  air  support  by 
friendly  forces  as  this  was  practiced  In  previous  armed  conflicts  by  US 
forces. 131,132 

Finally,  from  this  discussion  of  the  Soviet/Warsaw  Pact  forces  and 
equipment  and  their  operational  doctrine.  It  is  clear  that  these  forces 
envision  a  series  of  fluid,  non-FtBA  battles  being  fought  in  the  next 
war  with  massive  penetrations  aimed  at  encirclement  of  opposing  forces 
and  the  capture  of  strategic  areas  in  the  enemy’s  rear.  Probably,  such 
a  war  will  be  fought  using  conventional  weapons  in  the  initial  stages 
until  one  side  or  both  are  compelled  to  employ  tactical  nuclear  weapons 
to  achieve  objectives  that  cannot  be  attained  with  the  conventional  weap¬ 
on  systems.  Thus,  a  future  war  in  Europe  may  begin  at  a  mid-intensity 
level,  but  It  may  be  expected  to  escalate  to  a  high-intensity  level  if 
either  side  cannot  meet  its  battlefield  objectives. 


131 

K.  Hein.  "Old  Lessons  Learned," 
85(5),  30-36. 
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S.  Canby,  cy.  ait. 
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Implications  of  the  threat  literature  review  for  a  standard  target 
acquisition  methodology.  The  threat  literature  review  was  predicated  on 
the  assumption  that  a  future  conflict  involving  US  armed  forces  might  be 
fought  against  Sovlct/Warsaw  Pact  forces  in  northern  and  central  Europe. 
Further,  it  was  assumed  that  such  a  conflict  would  be  characterized  by 
conventional  and  tactical  nuclear  engagements.  Implicit  in  this  analysis 
of  Threat  capabilities  was  the  additional  assumption  that  such  a  conflict 
would  be  initiated  by  the  USSR  or  one  of  her  allies.  In  particular,  this 
means  that  the  first  engagements  of  a  Soviet /Warsaw  Fact-US/NATO  conflict 
would  be  offensive  operations  launched  by  Threat  forces  across  the  fron¬ 
tiers  of  NATO  nations  having  common  borders  with  Warsaw  Pact  nations. 

Obviously,  after  such  a  conflict  has  been  initiated,  it  is  important 
to  be  able  to  detect  advancing  Threat  forces  so  that  these  forces  may 
successfully  be  engaged  and  neutralized.  Thus,  it  may  be  expected  that 
target  acquisition  systems  would  be  employed  in  such  a  conflict  to  observe 
likely  avenues  of  approach,  selected  terrain  areas  of  strategic  Importance, 
and  important  static  locations  such  as  crossroads,  river  crossings,  and 
bridges  to  detect  Threat  targets  and  associated  military  activity.  Further 
during  a  US  forces'  counteroffensive,  it  would  be  Important  to  employ  acqul 
sltlon  systems  to  detect  temporary  and  permanent  Threat  defensive  positions 
so  that  these  could  be  effectively  engaged  and  neutralized. 

Rased  on  these  assumptions,  the  results  of  the  Threat  literature  re¬ 
view  were  studied  to  identify  those  characteristics  of  its  tactical 
operation  and  composition  that  have  relevance  for  the  methodology  of 
target  acquisition  system  field  teats.  From  this  analysis  the  following 


characteristics  were  identified: 


a.  Threat  forces  employ  a  wide  variety  of  armored  vehicles  to 
support  their  combat  operations.  In  frontline  areas  the  armored  vehicles 
most  likely  to  be  observed  by  US  field  forces  are  the  7-55  and  T-62  main 
battle  tanks,  PT-7G  light  amphibious  tank,  the  BTR-GOPB  and  BMP  armored 
personnel  carriers,  and  BRPM  reconnaissance  vehicles. 

b.  Threat  forces  employ  a  wide  variety  of  mobile  and  semi- 

mobile  air  defense  systems  to  support  their  combat  operations.  In  particular, 
the  systems  most  likely  to  be  observed  by  US  field  forces  in  frontline  areas 
are:  ZSU-S7-2  and  ZSU-23-4  mobile  antiaircraft  systems,  SA-4  and  SA-6 
surface-to-air  missile  systems,  and  the  towed  7.rU-4  and  R-GO  antiaircraft 
systems. 


c.  While  Threat  forces  employ  substantial  amounts  of  artillery 
to  support  their  combat  operations,  only  120mm  mortars  and  their  associ¬ 
ated  crews  are  likely  to  be  observed  by  attacking  US  units.  On  occasion, 
some  artillery  pieces  may  be  observed  in  forward  areas  during  a  Threat 
breakthrough  assault. 

d.  Due  to  the  small  numbers  of  helicopters  currently  known  to 
be  In  the  Threat  Inventory,  It  Is  unlikely  that  these  will  be  observed 
with  any  great  frequency  on  the  modern  battlefield.  However,  prior  to 

an  attack,  it  Is  likely  that  low-flying  high-performance  aircraft  will  be 
briefly  observed  above  frontline  areas. 

e.  Threat  forces  employ  a  variety  of  antiarmor  weapons  to  form 
an  Interlocking  defense  system  effective  over  ranges  from  0  to  3500 
meters.  These  limits  basically  define  the  kill  zone  of  the  modern  battle¬ 
field  with  respect  to  Threat  antitank  weapons. 

f.  Threat  forces  stress  the  attack  and  will  resort  to  the 
defense  only  as  a  temporary  expedient. 

g.  Attacks  are  generally  conducted  across  narrow  fronts  (e.g., 
1500-2000  meters  at  the  battalion  level). 

h.  Attacks  at  the  regimental  level  are  generally  preceded  by 
reconnaissance  conducted  by  elements  of  the  Reconnaissance  Conyany.  For 
a  front  approximately  4500  mere rs  in  length,  it  may  be  expected  that 
each  1500-meter  segment  of  this  front  would  be  scouted  by  the  following 
combat  elements:  Two  recortv >lssance  vehicles  ( PT-76  or  BRPM)  with  a 
lateral  separation  of  100  meters  supported  by  a  motorized  rifle  platoon 
(three  BtTs)  100  meters  to  the  rear.  The  BbTs  would  also  maintain  a 
lateral  separation  of  100  meters. 

1.  A  Probe  Attack  may  be  launched  by  a  Threat  regiment  if 
reconnaissance  falls  to  locate  unguarded  avenues  of  approach.  This  type 
of  attack  Is  usually  conducted  by  two  motorized  rifle  platoons  and  a 
motorized  tank  platoon  (four  tanks).  Normally,  these  forces  travel  in  an 
echelon  formation  that  approximates  a  400  meter  (across)  by  200  meter 
(deep)  rectangle.  Tanks  lead  this  formation  followed  by  BMPs. 


*  305  - 


j.  Throat  forces  train  for  and  plan  to  operate  a  24-hour 
battle  day.  During  the  day  Quick  Attacks  may  be  expected  by  advancing 
Threat  forces,  while  at  night  Deliberate  Attacks  nay  be  expected. 

k.  A  Quick  Attack  at  the  regimental  level  may  be  launched  by 
a  reinforced  motorized  rifle  battalion  from  the  line  of  march  upon 
encountering  resistance  from  opposing  forces.  In  this  case,  these  forces 
usually  deploy  from  a  column  formation  directly  into  echelon  formation. 
Depending  on  the  terrain,  these  forces  are  likely  to  spread  over  an  area 
1*500  meters  wide  and  1000-2000  meters  deep. 

l.  Deliberate  Attacks  are  generally  conducted  at  night.  At 
the  regimental  level  a  deliberate  attack  is  usually  launched  by  battalion 
level  forces  across  a  front  less  than  1500  meters  wide.  Wien  surprise  is 
essential,  no  artillery  preparation  will  be  employed.  At  night,  these 
forces  will  most  likely  advance  in  column  formation  with  infantry  dis¬ 
mounted  and  next  to  their  FITs .  Tanks  will  follow  mid  support  the  infantry. 

m.  Initially,  an  advancing  US  attack  force  is  likely  to  encounter 
Threat  force  Covering  Tro<>ps  when  moving  against  a  PelibeiMte  Defense 
position.  In  succession  this  covering  force  is  likely  to  consist  of 

(1)  reconnaissance  elements  of  the  regimental  Fcconturiosancc  Corpat'.y, 

(2)  security  zone  elements  consisting  of  reinforced  motorized  rifle  com¬ 
panies  or  platoons,  and  (3).  forward  or  battle  outpost  elements  consisting 
of  reinforced  motorized  rifle  companies  or  platoons. 

n.  Initially,  US.  attack  forces  will  encounter  first  echelon 
companies  when  moving  against  a  motorized  rifle  battalion  in  a  Hasty 
Defense  position.  Behind  those  companies  will  be  the  bulk  of  the  battalion, 
including  tanks,  mortar  teams,  and  mobile  air  defense  weapon  systems  as 
well  as  the  remaining  motorized  rifle  companies. 

The  above  characteristics  represent  the  salient  factors  which  describe 
the  current  nature  of  the  Threat  in  terms  of  the  targets  and  operational 
conditions  likely  to  be  encountered  in  conflicts  in  the  immediate  future 
with  these  forces.  Thus,  during  the  design  and  planning  phases  of  a  tar¬ 
get  acquisition  test,  these  characteristics  should  be  considered  when 
developing  scenarios  which  define  the  targets  and  operational  conditions 
to  be  simulated  during  the  conduct  of  testing.  Only  in  this  way  will  it 
be  assured  that  these  scenarios  approximate  credible  combat  conditions 
and  thus  provide  necessary  test  situations  for  measuring  the  true  capa¬ 
bilities  of  a  given  acquisition  system. 
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CHAPTER  4 


TARGET  PRESENTATION  METHODOLOGY  FOR  FIELD  TESTING 
TARGET  ACQUISITION  EQUIPMENT 


Introduction 

In  the  early  stages  of  this  effort.  Chapter  4  was  conceived  of  as 
approximating  a  "Ilow-To-Do-It"  manual  for  test  officers.  It  was  hoped 
that  guidance  could  be  provided  in  the  form  of  scenarios  which  would  es¬ 
sentially  standardize  target  presentation  techniques  in  terms  of  critical 
conditions,  target  types,  and  tactical  configurations.  However,  the  chap¬ 
ter  falls  shorts  of  this  goal  for  several  reasons. 

First  of  all,  the  number  of  conditions  or  factors  shown  In  the  lit¬ 
erature  to  significantly  affect  target  acquisition  was  larger  than  antici¬ 
pated.  It  had  been  assumed  that  perhaps  some  half-dozen  at  most  would 
prove  to  be  critical,  with  the  remainder  being  of  minor  Importance,  except, 
perhaps,  under  very  unusual  and  circumscribed  circumstances.  Unfortunately, 
this  assumption,  based  primarily  on  a  knowledge  of  results. of  laboratory 
studies,  proved  to  be  false  for  studies  conducted  in  a  natural  environment. 
The  data  available  indicate  a  much  larger  number  of  factors  which  simply 
cannot  be  ignored . 

Secondly,  the  relationships  between  a  number  of  factors  and  observer 
target  acquisition  performance  are  at  best  imprecisely  defined.  A  factor 
shown  to  be  all  important  in  one  situation  may  be  of  no  importance  in 
another,  and  not  even  measured  in  a  third.  This  lack  of  precision  makes 
it  virtually  impossible  to  specify  particular  values  or  levels  of  the  fac¬ 
tors  that  should  be  employed  in  field  testing,  or  even  to  provide  in¬ 
formation  on  how  the  factors  might  be  employed  statistically  to  predict 
performance. 
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As  a  result  of  these  findings  from  the  literature,  It  became  apparent 
that  complete  control  of  the  factors  that  might  be  critical  in  any  parti¬ 
cular  situation  would  be  Impossible  In  field  studies.  Even  if  each  factor 
could  be  divided  logically  Into  only  "high,"  "medium,"  and  "low"  levels, 
the  number  of  possible  combinations  of  all  factors  would  number  well  into 
the  millions.  The  duplication  of  conditions  from  one  test  to  the  next,  or 
even  from  one  day's  trials  to  the  next  In  the  same  test,  would  be  rare. 

Because  the  original  conception  proved  unrealistic,  a  less  ambitious 
approach  has  been  taken  in  this  chapter.  Rather  than  the  precise  speci¬ 
fication  of  conditions,  target  types  and  tactical  configurations,  the 
guidance  provided  Is  much  more  general  in  nature.  However,  a  number  of 
specific  "dos"  and  "don'ts"  are  listed.  These  are  based  on  shortcomings, 
problems  encountered,  and  errors  committed  as  reported  or  observed  In 
past  field  studies.  Therefore,  while  the  chapter  does  not  provide  com¬ 
plete  step-by-step  guidance  to  the  test  officer,  awareness  of  the 
information  presented  and  adherence  to  the  principles  listed  should  both 
help  standardize  target  presentation  methodology,  and  ensure  the  presen¬ 
tation  of  tactically  valid  target  situations. 

An  Approach 

Earlier  in  t>..s  report  It  was  pointed  out  that  investigations  of  the 
acquisition  process  (detection,  recognition,  and  identification)  involve 
at  least  four  basic  components:  a  target,  a  background,  a  task,  and  an 
observer.  Further,  it  was  shown  that  systematic  variations  in  the  de¬ 
fining  attributes  of  these  components  are  often  associated  with  systematic 
variations  In  measures  of  acquisition  performance.  Therefore,  in  planning, 
designing,  and  conducting  tests  developed  to  evaluate  a  given  target 
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acquisition  systrm,  It  la  Important  that  the  delineation  and  Interaction 
of  these  components  be  given  careful  consideration.  In  particular!  this 
means  that  the  principles  of  systematic  variation  and  experimental  control 
must  be  applied  when  developing  appropriate  test  situations  for  answering 
specific  test  questions. 

In  military  testing  this  problem  Is  particularly  acute  when  It  is 
desired  to  determine  the  suitability  of  a  given  target  acquisition  system 
for  use  In  combat.  Only  If  the  test  situation  Is  credible  (l.e..  the 
test  targets  and  test  conditions  faithfully  simulate  the  characteristics 
of  the  anticipated  combat  targets  and  operational  conditions)  and  free 
from  extraneous  sources  of  bias  can  It  be  expected  that  the  test  results 
will  be  valid  and  reliable  and  thus  represent  the  "true"  operational  capa¬ 
bilities  of  the  tested  system.  Further,  it  Is  only  from  such  valid  test 
results  that  military  planners  can  make  Intelligent  decisions  concerning 
procurement  questions  and  the  appropriate  use  and  deployment  of  the  tested 
system. 

More  often  than  not,  the  problem  of  developing  credible  and  bias-free 
test  situations  for  evaluating  the  combat  capabilities  of  target  acquisi¬ 
tion  systems  centers  around  the  interrelated  problems  of  (a)  how  to  control 
variations  In  both  target  and  non-target  factors  so  that  extraneous  bias 
Is  minimized  or  eliminated;  (b)  what  types  of  targets  and  operational  con¬ 
ditions  to  employ  during  testing;  and  (c)  how  these  targets  should  be 
presented  to  observers.  Collectively,  these  problems  may  be  referred  to 
as  the  target  presentation  problem.  It  is  the  purpose  of  this  chapter  to 
suggest  and  discuss  solutions  to  the  various  aspects  of  this  problem  for 
field  teats  of  ground-to-ground  acquisition  systems. 


The  Control  of  Tarqet  and  Non-tarqet  Factors  to  Eliminate  or  Reduce 
T'esTE'las - -  - 

During  the  planning  and  design  phases  of  a  target  acquisition  field 
test,  it  is  necessary  that  test  personnel  consider  and  take  into  account 
in  some  manner  the  potential  impact  of  both  target  and  non-target  vari¬ 
ables  on  the  test  results.  In  this  way,  the  potential  biasing  of  the 
test  data  can  either  be  minimized  or  eliminated.  It  is  the  purpose  of  this 
section  of  the  report  to  suggest  some  specific  guidelines  that  may  be 
followed  by  test  personnel  to  help  avoid  or  minimize  errors  that  may  in¬ 
validate  test  data  and,  ultimately,  test  conclusions.  In  general,  these 
guidelines  are  based  on  the  results  of  the  literature  review  presented  In 
Chapter  2,  which  was  conducted  to  identify  those  factors  that  are  Important 
in  the  target  acquisition  process.  However,  some  of  these  guidelines  are 
not  specifically  associated  with  any  particular  acquisition  factor,  but 
are  mentioned  since  they  are  in  keeping  with  good  experimental  procedure. 

Target  factor  guidelines.  Table  5  lists  target  factors  (and  their 
expected  effects)  which  were  found  or  are  likely  to  influence  the  acquisi¬ 
tion  process  in  a  field  situation.  During  the  conduct  of  an  acquisition 
field  test,  it  is  extremely  important  that  test  targets  realistically  simu¬ 
late  or  conform  to  actual  combat  targets.  Otherwise,  test  data  are  likely 
to  either  over-  or  underestimate  system  operational  capabilities.  In  order 
to  minimize  the  likelihood  of  this  happening,  the  following  guidelines  are 
suggested  with  respect  to  the  target  factors  listed  in  Table  5. 

a.  The  area  (size)  of  the  test  target  presented  to  observers 
during  testing  should  correspond  as  closely  as  possible  to  the  area  (size) 
that  would  be  presented  by  a  comparable  target  in  a  combat  situation.  If 
targets  of  the  same  size  are  not  available,  remember,  larger  targets  are 
likely  to  be  acquired  at  greater  ranges,  while  smaller  targets  are  likely 
to  be  acquired  at  shorter  ranges.  Thus,  in  these  circumstances,  test 
results  must  be  adjusted,  if  it  is  desired  to  generalize  them  to  actual 
combat  targets. 
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argets  appear. 


b.  Test  targets  should  be  of  the  sane  shape  as  the  combat  tar¬ 
get  they  are  simulating.  Use  tanks  to  simulate  tank  targets,  trucks  to 
simulate  truck  targets,  armored  personnel  carriers  to  simulate  armored 
personnel  targets,  etc. 

c.  Require  that  the  angle  at  which  the  test  targets  is  viewed 
be  the  same  as  would  occur  In  combat.  Do  not  present  views  of  test  tar¬ 
gets  that  are  unlikely  to  be  seen.  For  example.  In  attack  situations,  it 
would  be  appropriate  to  have  observers  view  the  fronts  of  a  target.  In 
this  case,  side  views  would  generally  be  Inappropriate. 

d.  Allow  target  shape  to  vary  as  it  would  tactically,  i.e., 
during  testing  allow  targctR  to  maneuver  as  they  would  In  combat  within 
the  constraints  of  the  tactical  situation  being  modeled. 

e.  Targets  should  be  colored  as  they  would  be  In  combat.  This 
Includes  having  the  targets  painted  in  camouflage  patterns.  Do  not  use 
brightly  colored  targets  as  test  targets,  since  such  targets  are  unlikely 
in  combat. 


f.  Document  the  physical  appearance  of  targets  as  they  appear 
during  testing  with  high  quality  photographs.  Color  photographs  are 
generally  to  be  preferred  to  black  and  white  photographs. 

g.  Unless  called  for  by  the  purpose  of  the  testing,  do  not  have 
dark  colored  test  targets  passing  in  front  of  light  colored  backgrounds 
and  vice  versa. 

h.  Unless  called  for  by  the  purpose  cf  the  testing,  do  not 
required  targets  to  appear  against  a  sky  background  or  against  other  back¬ 
grounds  which  would  result  In  a  high  target/background  contrast  ratio 
(either  color  or  brightness  contrast  ratio). 

1.  Require  that  moving  targets  (e.g.,  targets  advancing  toward 
an  observer  employing  an  acquisition  system)  begin  at  target-to-observer 
ranges  which  are  greater  than  the  expected  range  of  the  system.  In  this 
way,  the  likelihood  of  acquisition  as  a  function  of  range  can  be  deter¬ 
mined  for  the  system  for  the  specific  targets  and  target  conditions  being 
studied . 


j.  Unless  required  by  the  purposes  of  the  test,  permit  targets 
to  mask  themselves  as  they  would  be  likely  to  do  in  a  combat  situation. 

k.  Do  not  select  target  approaches  that  provide  for  maximum 
observer  viewing  time.  Instead,  choose  target  approaches  which  tend  to 
minimize  or  provide  viewing  times  characteristic  of  a  combat  environment, 
e.g.,  a  few  seconds. 

l.  Require  that  test  targets  move  with  respect  to  the  observer 
only  in  the  same  directions  they  would  be  likely  to  move  in  a  combat 
situation.  For  example,  in  an  attack  situation,  it  is  appropriate  for 
targets  to  move  towards  the  observer,  not  laterally. 
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m.  Ho  not  one  stationary  tor  pot*  when  It  In  more  appropriate  to 
study  movliiR  tarRots.  I'o  not  tty  to  Rcncvatire  from  stationary  taiRct  to 
movliiR  t.irRet  attuat  Ions,  since  the  acquis tt  ton  probabl  1 1 1  ton  are  dl f  fer- 
cnt. 


n.  Hit vo  (meets  move  itt  the  speeds  appropriate  for  the  terrain 
conditions  of  tho  tout  site  and  tho  partliular  tactical  situation  helitR 
portrayed . 


o.  IV'  not  deliberately  limit  tarRet  speed  (oltlior  font  or  alow! 
for  itny  other  put  pose  than  voitlliim.  1\>r  example,  If  a  Threat  vohli  le  has 
nn  operation  speed  of  10  to  15  kilometers  pot  hour  on  tho  road,  thou  tho 
speed  of  tho  loitt  tarRet  a Imnlat  Ihr  tho  Threat  vohlclo  should  ho  Itmttcd 
to  10  to  15  kilometers  poi  hour.  Otherwise,  tho  particular  speed  that 
tho  test  tarRet  should  tiavel  should  ho  determined  hv  vhot  lx  tactically 
val  til. 


fnvlrpnnrntal  factor  guidelines.  Table  6  1 1 «*t m  tho  mvtronmeutal 
factors  (and  tholr  expected  effects)  which  wort*  found  to  influonro  tho 
tarRet  arqulslt Ion  process  In  tho  flolil.  Cenerallv,  It  may  ho  exported 
that  thoxo  factors  will  ho  under  only  tho  wont  limited  control  of  text 
pcrxonuol.  Therefore,  It  mxv  he  expected  that  variations  In  thoxo  fxctorx 
will  llkelv  contribute  most  heavtly  to  tho  Impreclxton  oT  tho  data  collected 
durltiR  a  field  text  evaluation.  In  order  to  mintmire  xnd/or  account  for 
the  Mas  In  text  dxtx  that  mxv  hr  tho  r exult  of  tho  operation  of  environ¬ 
mental  factorx,  the  fol lovlnjt  guidelines  are  xuRRoxtedt 

a.  For  each  data  collection  trial,  determine  tho  mot ooroloRlcal 
visibility  at  the  text  site,  l.ator,  and  assumliiR  a  sufficient  amount  of 
variability  In  measures  of  moteoroloRlcal  visibility,  any  differences  in 
tho  tost  data  due  to  variations  In  moteoroloRlcal  visibility  may  ho  deter¬ 
mined  (and  extracted  If  this  la  required)  by  appropriate  statistical 
techniques. 


h.  For  each  data  collection  trial,  indicate  whether  or  not 
dust,  smoke,  rain,  fop,  etc.,  are  present.  Such  Information  mav  he 
reported  by  both  test  monitors  aixl  observers.  Then,  as  was  tine  for 
moteoroloRlcal  viathtllty,  any  performance  differences  due  to  the  presence 
of  dust,  smoke,  rain,  Tor,  etc.,  mav  he  determined  (and  extracted  If  this 
lx  required'  durluR  auatvxix  of  the  text  data. 
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Table  6.  Environmental  Factors  That  May  Affect  the  Acquisition  Process  and  Their  Expected  Effects 
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c.  During  the  planning  and  design  phases  of  a  field  test,  deter¬ 
mine  the  likely  climatic  conditions  under  which  the  acquisition  system  to 
be  tested  will  be  operated  in  combat.  Then,  plan  to  conduct  the  testing 
under  these  conditions  of  climate.  In  this  way,  the  validity  of  the  test 
data  will  likely  be  enhanced,  since  the  similarity  between  test  conditions 
and  actual  combat  conditions  will  have  been  maximized. 

d.  Unless  tequlred  by  the  purposes  of  the  testing,  do  not  wait 
for  "ideal"  days  to  iollec.t  test  data  in  order  to  maximize  system  ••cqui- 
sltion  probabilities.  During  combat,  it  cannot  be  assumed  that  id'  al 
conditions  will  prevail.  As  such,  it  is  appropriate  to  determine  the 
acquisition  capabilities  of  a  tested  system  under  less  than  ideal  condi¬ 
tions.  In  this  way,  the  full  range  of  acquisition  capabilities  ns  a 
function  of  variations  in  atmospheric  conditions  may  he  determined  and 
accounted  for.  Therefore,  it  is  necessary  for  each  day  of  the  testing  to 
record  information  which  describes  the  atmospheric  and  climatic  conditions 
for  that  day. 


c.  During  the  course  of  an  acquisition  tebt,  do  not  simply 
report  data  concerning  light  levels  in  terms  of  such  descriptors  ns  star¬ 
light,  moonlight,  nighttime,  daytime,  morning  illumination  or  afternoon 
illumination.  Such  terms  arc  imprecise  and  as  such  do  not  reflect  the 
actual  level  of  illumination  at  any  given  time.  Further,  because  such 
terms  are  imprecise,  the  actual  light  levels  to  which  they  refer  may  not 
be  the  same  for  one  study  ns  for  another.  Therefore,  it  is  appropriate 
during  the  conduct  of  a  given  acquisition  study  to  measure  on  each  data 
collection  trial  the  level  of  ambient  illumination  at  the  test  site 
(preferably  at  the  level  of  the  observer's  eye)  in  foot-candles  or  other 
suitable  physical  measurement  units. 

f.  Document  the  terrain  of  the  test  site  by  adequately  sampling 
and  photographing  it.  Color  photographs  arc  preferable  to  black  and  white 
photographs.  Pay  particular  attention  to  the  sampling  process  so  that  sig¬ 
nificant  terrain  and/or  vegetation  variations  are  captured  nnd  documented 
photographically.  Such  information  may  be  useful  during  the  data  analysis 
phase  of  the  test  in  accounting  for  or  explaining  variations  in  the  test 
results. 


g.  During  the  planning  phase  of  the  field  test,  identify  geo¬ 
graphic  areas  for  the  conduct  of  testing  that  are  ob  similar  os  possible 
to  the  geographic  areas  in  which  the  tested  system  will  probably  be 
operated.  In  this  way,  the  results  of  testing  will  have  maximum  validity 
for  actual  comtrnt  situations.  Such  factors  ns  the  amount  of  vegetation 
(both  undergrowth  and  primary  growth),  average  height  of  the  ground  cover, 
shape  of  the  terrain,  and  the  number  and  density  of  obscuring  terrain 
features  should  be  taken  into  account  in  choosing  the  terrain  appropriate 
for  the  conduct  of  testing. 

h.  When  situating  targets  in  the  terrain  selected  for  the  test¬ 
ing,  ensure  that  targets  are  not  located  in  unvegetated  areas,  unless  such 
areas  arc  characteristic  of  the  terrain  in  which  the  system  is  likely  to 
be  employed. 


i.  In  identifying  routes  along  which  targets  nay  advance  during 
teatlngt  do  not  choose  routes  through  the  easiest  terrain  so  that  target 
acquisition  is  ensured  or  for  the  purpose  of  aiding  the  observers  in  any 
way. 

J.  Record  the  ambient  temperature  on  each  data  collection  trial. 
If  possible,  record  both  the  Dry  Bulb  Temperature  (DBT)  and  the  Wet  Bulb 
Temperature  (WBT) .  Such  information  may  be  useful  during  the  data  analy¬ 
sis  phase  of  the  test  in  accounting  for  or  explaining  variations  in  the 
test  results. 


k.  During  the  planning  and  design  phases  of  a  test,  plan  data 
collection  trials  so  that  targets  are  illuminated  from  the  front,  rear, 
and  sides.  In  this  way,  variations  due  to  illuminant  position  may  be 
accounted  for  or  extracted  from  the  test  data. 

l.  During  each  observation  trial,  record  the  date,  time  of  day, 
and  geographic  location.  From  this  information,  the  sun  angle  associated 
with  each  measure  of  performance  may  be  computed.  In  this  way,  variation 
in  the  test  results  due  to  varatlon  in  sun  angle  may  be  accounted  for  or 
extracted  from  the  test  results. 

m.  Do  not  plnr  to  collect  all  test  data  ut  a  particular  time 
of  the  day  Just  because  his  is  easier.  It  is  not  realistic  to  expect 
actual  battlefield  targe. i  to  only  appear  at  one  particular  time  of  the 
day.  In  fact,  it  is  likely  that  targets  on  the  modern  battlefield  will 
be  present  at  all  times  of  the  day. 

Task  factor  guidelines.  Table  7  presents  the  task  factors  (and  their 
expected  effects)  that  were  found  in  Chapter  2  of  this  report  to  signifi¬ 
cantly  influence  the  acquisition  process.  During  the  conduct  of  an 
acquisition  field  test,  it  is  extremely  important  that  these  factors  be 
controlled  in  some  manner  so  that  they  do  not  differentially  affect  ob¬ 
server  performance.  Otherwise,  it  may  happen  that  the  test  data  collected 
from  these  observers  will  not  clearly  reflect  the  capabilities  of  the 
system  being  tested,  but  will  be  contaminated  by  the  uncontrolled  vari¬ 
ations  of  task  factors.  The  following  guidelines  represent  some  basic 
suggestions  as  to  how  these  factors  may  be  controlled  in  a  given  acquisi¬ 
tion  situation: 
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a.  During  the  planning  phase  of  an  acquisition  field  test, 
determine  whether  the  observer  will  be  allowed  to  move  or  will  be  required 
to  remain  stationary  during  each  data  collection  trial.  In  general,  this 
decision  should  be  based  on  the  specified  (or  anticipated)  doctrine  for 
the  use  of  the  target  acquisition  system  being  tested.  Remember,  since 
the  probability  of  acquisition  is  lower  for  stationary  observers  looking 
for  moving  targets  than  for  moving  observers  looking  for  moving  targets, 
the  results  obtained  for  one  of  these  situations  will  not  be  represen¬ 
tative  for  the  other  situation.  Therefore,  if  information  is  required 
for  both  of  these  observer-target  situations,  it  will  be  necessary  to 
design  the  test  so  that  both  situations  arc  modeled.  On  the  other  hand, 
for  situations  involving  moving  and  stationary  observers  scouting  for 
stationary  targets,  the  results  for  these  situations  are  generally 
comparable  and  thus  the  results  from  one  situation  may  be  generalized  to 
another  (given  that  all  other  factors  are  equal). 

b.  The  size  of  the  search  area  is  likely  to  vary  with  the  tac¬ 
tical  situation,  the  number  of  acquisition  systems  available,  the  weather, 
and  the  size  of  the  area  through  which  Threat  forceG  are  most  likely  to 
approach.  Cenerally,  it  Is  appropriate  to  define  the  search  area  in 
keeping  with  the  planned  (or  expected)  deployment  doctrine  defining  the 
use  of  the  system  being  tested.  However,  in  some  Instances,  it  may  be 
necessary  to  employ  smaller  search  areas  in  order  to  accommodate  target 
situations  in  which  smaller  numbers  of  targets  are  fielded  over  a  given 
terrain  area  (so  that  target  density  is  kept  constant).  In  general,  it 

is  probably  better  to  limit  search  sector  size  and  maintain  a  realistic 
target  density  than  to  study  a  large,  programmed  search  area  with  targets 
spaced  to  create  unrealistic  target  densities. 

c.  Within  a  given  search  area,  vary  the  location,  from  which 
moving  targets  can  approach  an  observer.  Similarly,  for  situations  in¬ 
volving  stationary  targets,  vary  the  position  of  the  targets  in  a  given 
search  area.  In  this  way,  observers  will  be  prevented  from  learning  the 
exact  location  of  targets  or  their  routes  of  advance.  In  turn,  this  will 
likely  preclude  observers  from  artificially  limiting  the  area  that  they 
actually  search. 

d.  Remember,  during  testing  the  observers  will  become  prac¬ 
ticed.  Therefore,  at  the  end  of  testing  their  performance  will  probably 
be  superior  to  their  performance  at  the  beginning  of  testing.  This 
possibility  should  be  investigated  during  the  analysis  of  the  test 
results. 


e.  Prior  to  actual  data  collection  trials,  train  observers  in 
exactly  the  same  way  that  personnel  would  be  trained  to  operate  the  sys¬ 
tem  in  combat.  Do  not  provide  observers  more  training  than  it  can  be 
expected  that  the  "typical"  observer  in  the  field  would  receive. 

f.  During  data  collection,  watch  observers  and  determine  what 
they  are  doing  when  they  search  for  targets.  After  all  observotion  trials 
have  been  completed  by  a  given  observer,  debrief  the  observer  on  the  search 
method  he  employed  during  acquisition.  During  the  data  collection  phase  of 
the  test,  attempt  to  determine  if  more  successful  observers  employ  search 
strategies  that  differ  from  those  employed  by  less  successful  observers. 
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g.  Do  not  force  a  particular  search  strategy  on  test  observers, 
unless  the  employment  doctrine  for  the  system  being  tested  calls  for  a 
particular  strategy. 

h.  During  testing,  have  observers  employ  the  system  being 
tested  for  lengths  of  time  (shifts)  that  are  characteristic  of  the  combat 
deployment  of  the  system.  Watch  for  performance  differences  as  a  function 
of  time  on  shift.  Any  such  differences  may  suggest  changes  in  the  doctrine 
for  system  deployment  and  manning. 

1.  During  long  periods  of  observation,  do  not  present  targets 
at  such  regular  or  frequent  Intervals  that  observers  can  learn  to  antici¬ 
pate  the  targets . 

j.  During  observation  periods  of  long  duration,  do  not  employ 
rates  of  target  presentation  that  are  unrealistic.  In  some  cases.  It  may 
be  appropriate  for  observers  to  go  whole  shifts  without  any  targets  belt g 
presented.  Targets  in  a  combat  situation  will  not  necessarily  appear  at 
regular  Intervals.  In  fact,  it  may  be  expected  that  there  will  be  long 
periods  between  the  observation  of  targets  which  correspond  to  lulls  in 
combat  operations  of  both  friendly  and  Threat  forces. 

k.  Remember,  as  the  acquisition  situation  becomes  more  and  more 
similar  to  a  vigilance  situation,  performance  decrements  as  a  function  of 
time  on  the  job  will  be  more  likely.  On  the  other  hand,  if  the  acquisi¬ 
tion  situation  requires  the  observer  to  be  visually  and  cognitively  active, 
performance  decrements  as  a  function  of  time  are  less  likely. 

Observer  factor  guidelines.  Table  8  presents  the  observer  factors 
(and  their  expected  effects)  that  may  influence  the  acquisition  process  in 
a  field  situation.  In  general,  the  control  of  these  factors  will  be 
accomplished  by  (a)  the  selection  procedures  employed  for  obtaining  obser¬ 
vers  to  participate  in  the  test,  or  (b)  the  test  procedures  including 
instruction  designed  to  limit  observer  behavior.  The  following  are  sug¬ 
gested  guidelines  for  procedures  that  will  generally  ensure  the  control 
of  these  factors: 

a.  Observer  visual  acuity  is  a  significant  factor  in  the  acqui¬ 
sition  process.  This  factor  should  be  controlled  during  all  acquisition 
_ trials.  Observer  visual  acuity  should  be  measured  for  each  observer 
participating  in  the  test.  Also,  it  may  be  appropriate  to  minimize  the 
effect  of  this  factor  by  setting  minimum  acuity  requirements  for  observers. 


Table  8.  Observer  Factors  That  Pay  Affect  the  Acquisition  Process  and  Their  Expected  Effects 
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b.  In  deploying  an  acquisition  system  during  testing,  the 
position  of  the  device  and  observer  above  ground  level  should  be  the  same 
as  that  expected  for  combat  situations.  If  It  can  be  anticipated  that 
the  system  will  be  deployed  at  a  variety  of  above-ground  heights,  these 
should  be  evaluated  during  testing,  since  differences  in  above-ground 

eye  level  are  associated  with  differences  in  the  probability  of  acquisition. 

c.  Observers  chosen  for  the  testing  should  have  the  same  kinds 
of  background  and  experience  that  can  be  expected  of  "typical"  combat 
personnel  who  would  operate  the  system  on  the  battlefield. 

d.  Military  personnel  on  a  test  will  not  be  as  motivated  ns 
combat  troops,  whose  lives  will  depend  on  their  performance.  Therefore, 
for  this  reason  alone,  test  results  will  probably  underestimate  the  capa¬ 
bility  of  the  system  being  tested,  however,  the  motivation  of  these 
personnel  can  be  enhanced  to  some  degree  with  little  effort.  Generally, 
if  test  observers  feel  that  everything  reasonably  possible  is  being  done 
for  them,  they  will  approach  the  test  situation  with  a  positive  attitude 
and  do  the  best  Job  they  are  capable  of  doing. 

e.  During  testing,  listen  to  the  teBt  observers.  They  may  make 
comments  about  the  test  that  never  occurred  to  test  planners.  Further,  if 
it  is  explained  why  something  is  being  done  or  not  being  done,  the  obser¬ 
vers  are  less  likely  to  complain  and  lose  motivation.  Finally,  If 
something  can  be  done  about  any  complaints  that  arise  during  testing, 
motivation  will  usually  rise.  If  nothing  can  be  done  about  such  com¬ 
plaints,  an  explanation  of  "why"  will  frequently  help  maintain  motivation. 

f.  Do  not  make  test  observers  engage  in  "busy  work."  Their 
duties  during  the  test  should  be  as  similar  to  combat  as  is  possible. 
Further,  they  should  know  this.  In  this  way,  the  observer's  are  likely  to 
feel  that  what  they  are  doing  is  worthwhile  and,  thus,  have  a  high  level 
of  motivation. 

A  final  note.  From  the  results  of  Chapter  2,  it  can  be  seen  that  a 
wide  variety  of  factors  may  conceivably  influence  the  results  of  a  target 
acquisition  field  study.  However,  in  planning  lor  such  a  study,  the  basic 
requirements  and  objectives  of  the  study  will,  in  general,  determine  the 
particular  factors  that  will  be  important  during  the  conduct  of  the  research. 
In  particular,  some  of  the  factors  listed  in  Tables  5,  6,  7,  and  8  will 
be  more  important  (have  greater  relevance)  than  other  factors.  In  the 
final  analysis,  though,  all  of  these  factors  must  be  accounted  for  in  some 
manner  during  the  conduct  of  the  research.  This  means  that  during  the 
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conduct  of  a  given  acquisition  study  the  factors  discussed  In  Chapter  2 
must  either  be  evaluated  In  some  way  or  they  must  be  controlled.  By 
applying  the  guidelines  suggested  In  the  previous  section  of  this  chapter 
and  as  well  by  being  familiar  with  the  results  and  implications  of  the 
review  of  these  factors  (as  discussed  In  Chapter  2),  It  should  be  possible 
to  ensure  that  future  acquisition  studies  will  be  more  valid  and  comparable. 
Further,  through  the  use  of  appropriate  experimental  design  techniques 
(  randomization,  counterbalancing,  statistical  control  strategies)  In  con¬ 
junction  with  this  Information,  validity  will  be  further  enhanced.  That 
Is,  by  applying  the  results  of  the  acquisition  literature  review,  the  con¬ 
trol  guidelines  discussed  above,  and  the  principle  of  good  experimental 
design,  it  Is  highly  likely  that  test  personnel  should  be  able  to  provide 
valid  data  concerning  the  capabilities  of  target  acquisition  systems. 


Identification  of  Targets  and  Operational  Conditions 

Target  acquisition  systems  are  primarily  designed  to  Improve  the  human 
observer's  ability  to  sense  targets,  l.e.,  objects  that  the  observer  Is 
Interested  In  locating  and  doing  something  about.  Most  acquisition  sys¬ 
tems  are  designed  with  some  idea  about  the  targets  against  which  they  will 
be  deployed  and  the  specific  operational  conditions  under  which  they  will 
function.  Once  the  major  objectives  of  a  field  test  of  a  system  have  been 
determined,  the  targets  and  the  operational  environment  are  implied  to 
some  extent.  For  example,  once  It  is  clear  that  an  acquisition  system 
Is  to  be  tested  to  determine  Its  combat  effectiveness  in  a  northern  or 
central  European  terrain  against  attacking  Warsaw  Pact  armored  vehicles, 
it  Is  conceptually  evident  what  types  of  targets  should  be  employed  or 
simulated  during  testing.  Further,  It  is  clear  what  type  of  combat  situ¬ 
ation  the  testing  should  model. 


Thus,  by  the  time  a  Riven  Acquisition  system  is  rcndy  for  field  test¬ 
ing  in  a  credible  environment,  it  is  usually  clear  at  n  general  level  what 


characteristics  define  this  environment.  Similarly,  it  is  usually  clear 
what  kinds  of  specific  targets  should  be  fielded  against  the  acquisition 
system. 

However,  the  actual  translation  of  this  information  from  the  con¬ 
ceptual  to  the  physical  level  usually  presents  considerable  difficulties 
for  personnel  planning  and  conducting  a  test.  This  is  because  frequently 
the  necessary  resources  (actual  or  simulated  Threat  targets  and  knowledge 
of  the  most  recent  Threat  forces  doctrine  and  techniques)  arc  often  un¬ 
available  or  inaccessible  to  test  personnel.  This  incomplete  knowledge 
can  leal  to  the  employment  of  targets  and  to  tests  conducted  in  opera¬ 
tional  environments  which  resemble  only  in  the  most  general  ways  the  targets 
and  conditions  likely  to  be  found  on  the  battlefield.  As  indicated  above, 
data  collected  under  such  conditions  may  not  reflect  the  "true"  capabili¬ 
ties  of  the  tested  systems  and,  thus,  may  lead  military  planners  to  invalid 
decisions  for  the  use  of  the  system.  Therefore,  it  is  Important  that  test 
personnel  choose  and  employ  targets  and  operational  conditions  that  closely 
simulate  the  characteristics  of  actual  combat  targets  and  likely  battle¬ 
field  circumstances.  The  remainder  of  this  section  will  address  this 
aspect  of  the  target  presentation  problem,  i.e.,  what  types  of  targets 
and  operational  conditions  to  employ  during  testing. 

The  Threat  literature  review  suggested  that  targets  most  likely  to 
be  encountered  on  the  modern  battlefield  will  be  organized  groups  of 
armored  combat  vehicles  and  self-propelled  and  semi-mobile  (towed)  air 
defense  systems.  Tables  9  and  10  list  the  armored  vehicles  and  air  defense 
systems  most  like  to  be  encountered  and/or  observed  by  US  forces  in  front- 
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Table  9.  Threat  Armored  Fighting  Vehicles  Most  Likely  to  be  Observed 
by  US  Forces  on  the  Modern  Battlefield 


Vehicle 

Main  Armament 

Crew  Size 

T- 55  Tank 

100mm  Rifled  Bore  Gun 

4 

T-62  Tank 

115mm  Smoothbore  Gun 

4 

PT-76  Recon  Vehicle 

76mm  Low  Velocity  Gun 

3 

BRDM  Recon  Vehicle 

7.62mm  (or  12.7mm)  Machlnegun 

5 

BTR-60PB 

7.62mm  Machlnegun 

10 

BMP 

73mm  Low  Pressure  Gun 

Sagger  Antitank  Guided  Missile 
7.62mm  Coaxial  Machlnegun 

11 

Table  10.  Threat  Self-Propelled  and  Towed  Air  Defense  Systems  Most  Likely 
to  be  Observed  by  US  Forces  on  the  Modern  Battlefield 


Air  Defense  System 


Characteristics 


ZSU-57-2  Self-Propelled  AA  Gun 

ZSU-23-4  Self-Propelled  AA  Vehicle 

SA-4  (Ganef)  Surface-to-AIr 
Missile  System 

SA-6  (Gainful)  Surface- to-Air 
Missile  System 


Twin  57mm  guns  mounted  on  medium 
tank  chassis 

Four  23mm  guns  mounted  on  llqht 
tank  chassis 

Twin  missiles  mounted  on  mobile, 
tracked  launcher 

Three  missiles  mounted  on  mobile 
tracked  launcher 


ZPU-4  Towed  AA  Machlnegun 
S-60  Towed  AA  Artillery 


Quadruple  mounted  14.5mm  machlneguns 
Single  57mm  gun 


line  combat  situations.  Thus,  In  future  target  acquisition  studies  and 
tests,  targets  which  are  similar  to  these,  In  terms  of  such  factors  as 
size,  shape,  color,  etc.,  should  be  employed. 

Further,  the  Threat  literature  review  suggests  that  the  most  common 
t«pe  of  field  situation  which  will  be  encountered  on  the  modern  battle¬ 
field  (at  least  In  the  Initial  stages  of  such  a  conflict)  will  be  US 
forces  in  a  defensive  position.  Thus,  the  most  appropriate  scenarios  for 
studying  target  acquisition  system  capabilities  should  be  those  which  In¬ 
volve  the  acquisition  of  advancing  armored  combat  vehicles.  In  these 
scenarios.  Threat  forces  would  advance  on  defensive  positions  equipped 
with  target  acquisition  systems. 

Under  conditions  of  low  Illumination  (e.g.,  twilight  and  less  than 
twilight  illumination  levels),  the  advancing  Threat  forces  would  be  the 
leading  elements  of  a  Threat  force  conducting  a  deliberate  attack.  Under 
daylight  Illumination,  Threat  forces  would  be  conducting  a  probing  attack 
or  a  quick  attack  from  a  march  column  formation.  Due  to  the  fact  that  the 
intent  of  field  testing  is  to  assess  the  capabilities  of  a  system  under 
credible  combat  conditions,  it  would  be  appropriate  to  employ  test  condi¬ 
tions  in  which  artillery  fire  and  Its  effects  (smoke,  dust,  etc.)  were 
simulated  In  order  to  determine  how  the  system  would  be  affected. 

Finally,  It  would  also  be  appropriate  to  study  scenarios  In  which 
US  forces  would  perform  reconnaissance  against  a  Threat  deliberate  de¬ 
fense  position.  In  this  case,  personnel  would  deploy  the  target  acquisition 
system  and  observe  stationary  and/or  in  place  Threat  targets  deployed 
either  In  a  deliberate  or  hasty  defense  situation.  Alternatively, 
assuming  a  mobile  acquisition  system,  scenarios  should  feature  advancing 
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US  forces  equipped  with  the  system  and  who  would  perfonn  reconnaissance  of 
the  elements  of  a  Threat  covering  force  deployed  forward  of  a  deliberate 
defense  position. 


a.  an  attack  situation  in  which  concealed  acquisition  systems 
observe  leading  elements  of  a  threat  deliberate  attack  under  low  Illumi¬ 
nation  conditions,  or  an  attack  situation  In  which  concealed  acquisition 
systems  would  be  employed  to  observe  either  a  reconnaissance  force,  a 
force  conducting  a  probing  attack,  or  a  force  conducting  a  quick  attack 
from  a  march  column  formation  under  daylight  conditions. 


b.  a  stationary  reconnaissance  situation  in  which  l'S  forces 
would  deploy  an  acquisition  system  to  observe  stationary  Threat  forces  In 
either  a  deliberate  or  hasty  defense  position. 

c.  a  mobile  reconnaissance  situation  In  which  US  forces  would 
employ  an  acquisition  system  to  acquire  and  study  Threat  covering  forces 
located  forward  of  a  deliberate  defense  position. 

Based  on  the  results  of  the  Threat  literature  review,  the  appropriate 
numbers  and  the  tactical  disposition  of  the  targets  for  each  of  the  above 
operational  situations  is  as  follows: 

a.  RECONNAISSANCE  BY  THREAT  RECONNAISSANCE  COMPANY  PRIOR  TO 
ATTACK  (DAY  OR  NIGHT) 

Width  of  Front:  4500  meters. 

Disposition  of  Company  Elements:  Each  1500  meter  section 
of  the  front  is  likely  to  be  scouted  by  two  reconnaissance 
vehicles  ( PT-76  or  BRDM)  with  a  lateral  separation  of  100 
meters  supported  by  motorized  rifle  platoon  (three  BMPs) 
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100  meters  to  the  rear.  The  BMPs  would  also  maintain  a 
lateral  separation  of  100  meters. 

b.  ATTACK  BY  THREAT  BATTALION  AT  NIGHT 
Width  of  Front:  1500  meters  or  less. 

Advance  to  Attack:  Advance  In  company  column  formation  with 
BMPs  and  dismounted  Infantry  leading  or  next  to  tanks. 

BMPs  following  tanks  and  infantry.  At  100  meters  or  less, 
forces  will  deploy  into  echelon  formation.  Betwecn-column 
and  vehicle  distances  of  about  25  meters  are  maintained. 

First  Echelon:  Twelve  medium  tanks  (T-5&  or  T-62)  deployed 
in  three  groups  of  four  tanks.  Lateral  between-group  dis¬ 
tances  of  500  meters  and  lateral  within-group  tank  dis¬ 
tances  of  25-30  meters  are  maintained.  Dismounted  infantry, 
in  30  eight-man  groups  on  line,  will  advance  with  tanks. 

Second  Echelon:  Twenty-seven  BMPs  in  three  groups  of  nine  BMPs. 
Lateral  between-group  distances  of  500  meters  and  lateral 
within-group  BMP  distances  of  about  eight  meters  are  main¬ 
tained.  Immediately  following  each  BMP  group  a  single  BMP 
is  situated  about  eight  meters  behind  the  middle  BMP  of 
each  group. 

Betueen-Echclon  Distance:  Up  to  about  300  meters. 

c.  ATTACK  BY  THREAT  BATTALION  DURING  DAY 
Width  of  Front:  1500  meters. 

Advance  to  Attack:  At  4000-6000  meters  from  FEBA,  Threat 
forces  will  advance  in  company  column  formation  with  tanks 
leading,  e.g.,  four  tanks  followed  by  ten  BMPs  per  company 
with  between-vehicle  distances  of  50  meters.  Between-column 
distances  are  50  meters.  A  total  of  three  company  columns 
advance. 

At  1000-3000  meters  from  FEBA,  Threat  forces  will  deploy  into 
nine  platoon  columns,  e.g.,  one  tank  followed  by  three  BMPs 
per  platoon,  except  for  second,  fifth,  and  eighth  platoons. 

For  these  platoons,  one  tank  is  followed  by  four  BMPs.  For 
each  column  a  tank-to-BWP  distance  of  about  100  meters  is 
assumed,  while  BMP-to-BMP  distances  will  *>e  about  50  meters. 
Between-column  distances  of  about  50  meters  for  the  first 
three,  second  three,  and  last  three  platoons  are  appropriate. 
Between-column  distances  of  about  100  meters  between  the 
third  and  fourth,  and  the  sixth  and  seventh  platoon  columns 
should  be  maintained . 

At  1000  meters  or  less  from  FEBA,  Threat  forces  deploy  in 
echelon  formation  with  three  companies  across  or  in  echelon 
formation  with  two  companies  across  with  a  third  company 
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1000-2000  meters  to  the  rest  In  platoon  column  formation. 

See  Figures  16  and  17  for  detailed  layout  of  these  for¬ 
mations. 

d.  FROBINC  ATTACK  BY  REINFORCED  MOTORIZED  RIFLE  PLATOONS 
DURING  DAY 

Width  of  Front :  1500  meters. 

I >iajx>sition  of  Force a:  Two  motorize'  rifle  platoons  (six 
DbTs)  and  a  motorized  tank  platoon  (four  tanks,  either  T-5S 
or  T-62)  in  an  echelon  formation  that  approximates  a  400 
meter  (across)  by  200  meter  (deep)  rectangle.  The  tanks 
will  lead  the  formation  with  a  lateral  separation  of  100 
meters . 

The  BMPs  (In  pairs)  will  fellow  the  tanks  with  a  lateral 
separation  of  about  150  meters.  A  betwcon-echolon  dis¬ 
tance  of  about  100  meters  Is  maintained. 

e.  RECONNAISSANCE  OF  DELIBERATE  THREAT  DEFENSE  SITUATION  FOR 
THREAT  BATTALION 

Width  and  Depth  of  Forcea:  5000  meters  (width)  by  4000 
meters  (depth) . 

First  Echelon  Forces:  TWo  reinforced  motorized  rifle 
companies,  i.e.,  eight  tanks  (T-Sfi  or  T-C2)  and  20  BbPs 
plus  a  battalion  antitank  platoon  (two  Suitcase  Saggers). 

Sccond-Echclon  Forces:  One  reinforced  motorized  rifle 
company,  i.e.,  four  tanks  (T-55  or  T-62)  and  10  BMTs, 
plus  three  Sagger-BRDM  from  regiment,  six  mortar  (120mm) 
teams,  and  three  mobile  air  defense  systems  (73U-23-4  or 
7SV-S7-2) . 

Deployment  of  Forces:  A  typical  example  of  these  forces' 
deployment  is  presented  in  Chapter  3,  Figure  14. 

f.  RECONNAISSANCE  OF  HASTY  DEFENSE  SITUATION  FOR  THREAT 
BATTALION 

Width  of  Front:  3000  meters  (width)  by  4000  meters  (depth). 

First  Echelon  Forces:  Two  motorized  rifle  companies  (20 
BMPs)  plus  a  battalion  antitank  platoon  (two  Suitcase  Saggers). 

Second  Echelon  Forces:  Tank  company  (12  tanks),  motorized 
rifle  company  (10  BbTs) ,  three  Sagger-BRDtfs ,  six  mortar 
(120mm)  teams,  and  three  mobile  air  defense  systems  (ZSU-23-4 
or  Z SUt67-2). 

Deployment  of  Forces:  A  typical  example  of  these  forces' 
deployment  is  presented  in  Chapter  3,  Figure  15. 
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Figure  16.  Deployment  of  attacking  threat  battalions  in  three  companies  across  echelon  formation. 
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g.  MOBILE  RECONNAISSANCE  THROUGH  THREAT  COVERING  FORCE  FOR 
A  BATTALION  LEVEL  THREAT  DELIBERATE  DEFENSE 

Width  and  Depth  of  Forces:  5000  meters  (width)  by  16 
kilometers  (depth). 

Forces  Likely  to  he  Encountered  First:  Security  forces  will 
be  located  on  the  most  likely  routes  of  advance.  Either 
reinforced  motorized  rifle  platoon  (one  tank  and  three  BMPs) 
or  reinforced  motorized  rifle  company  (four  tanks  and  10 

Bt-Ts). 


Disposition  of  Forces:  Figure  18  presents  a  typical  example 
of  the  disposition  of  a  reinforced  platoon,  while  Figure  19 
presents  the  typical  disposition  of  a  reinforced  company. 

Forces  Likely  to  be  Encountered  Second:  Forward  positions 
are  located  about  10  kilometers  behind  security  forces 
manned  by  reinforced  motorized  rifle  platoons  or  companies. 
Also,  battle  outposts  will  be  located  about  15  kilometers 
behind  security  forces  if  forward  positions  are  not 
established.  These  are  manned  by  motorized  rifle  platoons 
and  usually  do  not  have  tank  support. 

Relative  Dispositions  of  Covering  Forces:  In  Chapter  3, 
Figure  13  presents  the  typical  dispositions  of  Threat 
covering  forces  for  a  Threat  motorized  rifle  battalion. 

It  Is  evident  from  the  above  descriptions  that  substantial  numbers  of 
vehicles  and  personnel  will  be  required  to  simulate  the  operational  situ¬ 
ations  likely  to  be  encountered  on  the  modern  battlefield.  However,  the 
information  obtained  during  the  review  of  the  Threat  literature  indicates 
it  highly  likely  in  a  future  conflict  with  these  forces  that  large  aggre¬ 
gations  of  equipment  and  personnel  will  be  encountered  on  a  regular  basis 
during  combat  operations.  Thus,  as  described,  the  above  situations  repre¬ 
sent  credible  (i.e.,  valid)  target  arrays  for  testing  target  acquisition 
systems  deployed  for  combat,  surveillance  and  observation. 

On  the  other  hand,  from  a  practical  viewpoint,  it  may  prove  to  be 
exceedingly  difficult  or  impossible  to  model  the  situations  described 
above  in  terms  of  the  personnel  and  equipment  requirements.  This  is  be¬ 
cause  large  groups  of  combat  personnel  and  equipment  arc  frequently 


Figure  18.  Typical  deployment  of  a  reinforced  threat  motorized  rifle 
platoon.2 


2 

Reproduced  from  TC  7-24,  Antiarmor  Taotioe  and  Techniques,  Department  of 
the  Army,  US  Army  Infantry  School,  Fort  Benning,  Ceorgla,  30  September  1975. 
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Figure  19.  Typical  deployment  of  a  reinforced  threat  motorized  rifle 
company.3 


Reproduced  from  TC  7-24,  /Inftarror  Tactics  and  Tcehtv  ,uco.  Deportment  of 
the  Army,  US  Army  Infantry  School,  Fort  Bcnning  Georgia,  30  September  1975. 
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unavailable  for  field  testing  (unless  such  tests  arc  of  significant 
interest  or  importance  to  high-level  military  authorities  or  planning 
agencies)  due  to  costs,  prior  training  and/or  operational  commitments. 

As  a  result,  it  is  necessary  to  consider  how  the  above  situations  might 
be  reduced  in  scope  so  as  not  to  exceed  the  resource  capabilities  of  test 
organizations. 

Perhaps  the  most  practical  solution  to  this  potential  problem  is  to 
employ  target  situations  which  have  been  substantially  scaled  down  in 
size.  In  particular,  for  those  situations  requiring  battalion  or  company 
sized  collections  of  men  and  equipment,  it  might  be  appropriate  to  employ 
company  or  platoon  sized  collections,  respectively.  Further,  in  reducing 
the  scale  of  these  situations  (and  depending  on  how  the  acquisition  system 
is  to  be  used),  deployment  of  reduced  numbers  of  personnel  and  equipment 
should  be  over  smaller  frontages  and/or  area.  In  this  way,  the  densities 
of  targets  would  be  kept  essentially  at  the  same  level  as  the  full-scale 
situation,  while  reducing  target  resource  requirements  sharply. 

Further,  in  implementing  a  scale  reduction  strategy,  it  is  imperative 
that  the  personnel  and  equipment  targets  actually  fielded  behave  in  the 
manner  required  by  the  full-scale  operational  situation.  For  example,  in 
an  attack  by  a  reinforced  motorized  rifle  company  employed  in  the  place  of 
a  reinforced  motorized  rifle  battalion,  the  company  level  force  should 
maintain  the  same  relative  positions  and  advance  at  the  some  rates  ns 
the  battalion.  Similarly,  In  a  situation  in  which  a  battalion  minus  or 
a  company  plus  force  was  employed  to  simulate  a  battalion  level  organiza¬ 
tion,  all  sub-elements  of  the  force  in  this  situation  would  be  expected  to 
occupy  positions  and  assume  orientations  consistent  with  a  full-sized 
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battalion.  In  this  way,  the  validity  of  the  situation  would  ho  maintained 
with  respect  to  the  expected  actions  of  the  forces  being  employed  ns  tar- 
gets. 

However,  it  should  be  recognized  that  when  operations  are  scaled 
downward  in  magnitude,  the  validity  of  the  test  results  may  be  affected 
adversely.  In  situations  where  a  smaller  sized  force  is  employed  to  simu¬ 
late  a  larger  force,  and  is  deployed  over  the  same  area  ns  the  larger 
force,  target  density  will  be  reduced.  This  could  well  increase  the  likeii 
hood  that  fewer  targets  will  be  detected  because  of  the  sparse  target 
density.  As  a  result,  the  capabilities  of  the  system  being  evaluated  may 
be  underestimated.  In  situations  where  the  target  density  presented  by  a 
smaller  force  is  kept  tactically  realistic  by  reducing  the  area,  the  search 
sector  employed  must  be  reduced  accordingly.  Otherwise,  much  of  the  time 
may  be  spent  in  searching  empty  areas.  However,  reduction  of  the  search 
sector  may  affect  acquisition  in  some  unknown  manner,  also  compromising 
the  results.  Nevertheless,  in  most  cases,  the  reduction  of  the  search  sec¬ 
tor  and  maintenance  of  realistic  target  densities  is  generally  preferable. 

Scaled  down  target  forces  are  only  one  of  the  ways  in  which  the  test 
officer  may  be  forced  to  compromise  with  tactical  realities.  However, 
there  is  a  point  beyond  which  compromise  cannot  be  accepted.  Unfortunately 
this  point  cannot  be  precisely  defined.  Nor  can  it  be  said  to  be  obvious 
to  the  intelligent  and  experienced  officer.  Too  often,  inappropriate 
presentations  such  as  side  views  of  stationary  targets  against  plain  back¬ 
grounds  have  been  employed  to  simulate  attacking  enemy  armored  forces. 

The  test  officer  must  exercise  great  care  in  determining  his  minimum 
requirements  for  targets,  and  should  always  be  guided  by  considerations  of 
realism  rather  than  by  cost  or  convenience.  An  ill -conceived  or  poorly 


conducted  teat  may  veil  do  more  damage  to  our  overall  defensive  posture 
than  no  test  at  all.  Invalid  test  situations  will  lead  to  Invalid  test 
conclusions.  Invalid  conclusions  will  lead  to  Incorrect  decisions  con¬ 
cerning  procurement ,  doctrine,  and  deployment  of  tested  acquisition 
systems . 

However,  In  determining  the  degree  of  realism  required,  the  purposes 
of  the  test  must  be  considered.  If  the  Intended  use  of  the  data  Is  only 
to  make  tentative  plans  or  provide  guidance  for  further  testing,  tests 
based  on  marginally  realistic  situations  may  produce  results  which  are 
sufficiently  valid  for  these  purposes.  On  the  other  hand.  If  the  data 
from  an  acquisition  field  test  are  to  be  used  for  assessing  the  precise 
usefulness  of  a  system  In  combat  or  for  establishing  specific  combat  doc¬ 
trine,  then  a  much  greater  degree  of  realism  Is  necessary. 

Summary 

The  purpose  of  this  chapter  was  to  present  information  concerning 
(a)  how  to  control  variations  In  both  target  and  non-target  factors  to 
minimize  or  eliminate  extraneous  bias  in  field  test  results,  (b)  what 
types  of  targets  and  operational  conditions  to  employ  during  field  tests 
of  target  acquisition  systems,  and  (c)  means  of  presenting  these  targets 
to  observers  during  testing. 

The  data  bases  from  which  this  information  was  obtained  were:  a 
review  of  the  literature  on  factors  Influencing  the  target  acquisition 
process  in  field  situations,  and  a  review  of  the  military  literature  con¬ 
cerning  the  Threat  on  the  modern  battlefield.  These  are  reported  in 
Chapters  2  and  3,  respectively,  of  this  report. 
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Analysis  of  the  Information  obtained  In  the  review  of  the  target  ac¬ 
quisition  and  Threat  literature  revealed  that  it  was  only  possible  in  the 
most  general  way  to  describe  methodology  for  developing  valid  target 
situations  for  use  in  field  tests  of  target  acquisition  systems  designed 
to  be  deployed  and  operated  in  combat  situations.  However,  it  Is  believed 
that  the  guidelines  and  information  presented  in  this  chapter  should  pro¬ 
vide  the  military  test  officer  with  additional  background  that  will  enable 
him  to  develop  more  valid  target  situations  for  his  particular  test  prob¬ 
lem.  This  should  result  in  better  estimates  of  the  operational  capabilities 
of  the  target  acquisition  systems  tested. 

It  is  realized  that  the  development  of  realistic  and  valid  target 
situations  alone  will  not  guarantee  that  valid  conclusions  will  be  drawn 
from  a  test.  Obviously,  other  principles  of  good  experimental  design 
must  also  be  adhered  to.  However,  with  Invalid  targets,  the  other  princi¬ 
ples  are  of  little  consequence,  as  erroneous  conclusions  are  almost  certain 
to  result  from  a  test. 
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